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Insecticide toxicity to hemipteran predators (i.e. 
Geocoris punctipes (Say), Nabis capsiformis Germar, Nabis 
roseipennis Reuter, and Podisus maculiventris (Say)) was 
evaluated using three different routes of insecticide 
exposure (direct contact, indirect insecticide toxicity 
through consumption of treated prey, and residue uptake). 
Pirate 3SC® (chlorfenapyr) had direct contact toxicity equal 
to Ambush 2E® (permethrin) and Methyl Parathion 4E® to most 
hemipteran predators tested. Exposure to foliage treated 
with Proclaim 0.16E® (emamectin benzoate) usually resulted 
in lower mortality as compared to Pirate. Condor OF 100F® 
(Bacillus thurinqiensis) had the lowest contact toxicity to 
hemipteran predators of all insecticides tested. Pirate at 
0.224 kg Al/ha had significantly greater toxicity through 
consumption of treated prey than Proclaim to adult N. 
roseipennis and greater toxicity than Admire 2FS® 
(imidacloprid) and Tracer 4SC® (spinosad) to adult G. 
punctipes.
Pirate displayed greater residual toxicity in the field 
than the standard insecticide, Ambush, to adult G. punctipes 
and N. roseipennis and both adult and third-instar nymphs of 
P. maculiventris. Proclaim had lower residual toxicity than 
Pirate to G. punctipes and N. roseipennis. but greater 
residual toxicity than Admire and Tracer to adult G.
punctipes adults when foliage was collected 48 hours after 
insecticide applications.
Generally, older classes of insecticides, such as 
organophosphates and pyrethroids, were more toxic to natural 
enemy populations than newer insecticides in field tests. 
Total predator populations were significantly lower in plots 
treated with organophosphates as compared to populations in 
untreated plots in 1993 and 1995. In 1993, plots treated 
with Orthene 75S® (acephate) had the lowest predator 
populations, and in 1995, plots treated with Karate IE® 
(lamba-cyhalothrin) had the lowest populations among 
insecticides tested.
In general, newer classes of insecticides were less 
toxic to hemipteran predators than older, standard 
compounds. These results demonstrate that these newer, more 
selective compounds may enable soybean producers to use 
these insecticides to combat pests and preserve a larger 
proportion of resident beneficial arthropod populations 




Soybean, Glycine max (L.) Merrill, is an important 
agronomic crop in the United States, and export earnings in 
1992 netted 4.1 billion dollars on 19.5 million tons (Smith 
1994) . A number of insect pests representing the orders 
Coleoptera, Diptera, Hemiptera, Homoptera, Lepidoptera, 
Orthoptera, and Thysanoptera attack soybean (Higley and 
Boethel 1994). In southeastern United States, the soybean 
looper, Pseudoplusia includens (Walker), and the velvetbean 
caterpillar, Anticarsia gemmatalis (Hiibner) , are the two 
most important lepidopteran pests in soybean (Herzog 1980, 
Herzog and Todd 1980, Funderburk 1994, Sullivan and Boethel 
1994) . Soybean looper feeding damage causes >10 percent 
annual reductions in harvestable yield, and crop damage and 
control costs in southeastern United States from 1976-1984 
exceeded 20 million dollars annually (Bergman et al. 
1985a,b; Insect Detection Evaluation, and Prediction 
Committee, SEB-ESA 1976-1984). In Louisiana, outbreaks of 
economically damaging soybean looper populations occur 
annually (Baldwin et al. 1996) . Because beneficial insects 
may not provide sufficient population control in field 
situations, due in part to the soybean looper's migratory 
behavior (Herzog 1980), insecticide treatments frequently 
are necessary to maintain soybean looper populations below 
their economic threshold level (Newsom et al. 1980, Baldwin 
et al. 1996).
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Insect predators and parasitoids are major components 
in the biological control of soybean pests. Bechinski and 
Pedigo (1981) recorded over 80 predaceous species associated 
with soybeans in Iowa. Over 70 taxa of predator and 
parasitoid insects are associated with soybeans in Louisiana 
(Goyer et al. 1983; Daigle et al. 1988, 1990). Irwin and 
Shepard (1980) reported that soybean has a very diverse and 
abundant predator hemipteran fauna. Orius. Nabis. and 
Geocoris species usually accounted for >90 percent of the 
total predaceous Heteroptera in soybean agroecosystems 
(Turnipseed 1972, Shepard et al. 1974, Dietz et al. 1976, 
Irwin and Shepard 1980, Richman et al. 1980, Brown and Goyer 
1982, Reed et al. 1984) . In southeastern United States
soybean fields, Nabis roseipennis Reuter comprises over 90 
percent of all Nabis species (Turnipseed 1974, Dietz et al. 
1976). Other species of Nabis that occur in soybean fields 
include N. alternatus Parshley, N. americoferus Carayon, N. 
capsiformis Germar, and N. deceptivus Harris. Approximately 
19 species of Geocoris occur in Canada and the United States 
(Slater and Baranowski 1978), and G. punctipes (Say) is the 
most common species in southeastern United States soybean 
fields. Among predaceous Pentatomidae species, the spined 
soldier bug, Podisus maculiventris (Say) and Stiretrus 
anchorago (F.) are the most commonly encountered species in 
soybean fields.
Field experiments have shown that hemipteran predators 
are important natural control agents of lepidopteran eggs 
and larvae in soybean (Yeargan 1994) . Both nabid adults and 
nymphs also feed on other soft-bodied arthropods and their 
eggs (Irwin and Shepard 1980, Sloderbeck and Yeargan 1983) . 
In particular, N. roseipennis Reuter may attack eggs and 
first through third-instar lepidopteran larvae, and adults 
may consume more than six noctuid larvae over a four to nine 
day period (McCarty et al. 1980, Reed et al. 1984) . Nabis 
roseipennis had the highest rate of soybean looper egg 
predatior; in field cage studies with a consumption rate of 
>28 eggs per day (McCarty et al. 1980) . Nabids also are
important predators of the bollworm, Helicoverpa zea 
(Boddie), tobacco budworm, Heliothis virescens (F.), and 
green cloverworm Plathvpena scabra (F.) (Donahoe and Pitre 
1977, Sloderbeck and Yeargan 1983, Nadgauda and Pitre 1986) .
Geocoris spp. are known to prey on many arthropod taxa 
including: Miridae, Chrysomelidae, and Noctuidae to name a
few (Tamaki and Weeks 1972). Lopez et al. (1976) observed
in laboratory studies that adult G. punctipes were efficient 
predators of first-instar bollworm and tobacco budworm 
larvae. Field cage studies by Barry et al. (1974) and
Turnipseed (1972) demonstrated that by consuming 20 corn 
earworm eggs daily, G. punctipes could significantly 
decrease populations of this species on soybean.
The spined soldier bug is another predaceous hemipteran 
that preys on over 90 insect species (Landis 1937, McPherson 
1980). In laboratory studies, both third-instar and adult 
spined soldier bugs were the most efficient predators of 
third-instar bollworm and tobacco budworm larvae as compared 
to Chrvsopa carnea Stephens, Coleomegilla maculata (DeGeer), 
and G. punctipes (Lopez et al. 1976) . Both the cabbage
looper, Trichoplusia ni (Hiibner) , and soybean looper were 
highly susceptible to spined soldier bug predation, and both 
species incurred >75 percent mortality in laboratory tests 
(Marston et al. 1978).
Integrating biological and chemical control measures 
is essential to suppress pest populations and simultaneously 
conserve natural enemy populations. Preserving natural 
enemy populations will help reduce pest populations to lower 
equilibrium levels, prevent insecticide resistance, and 
reduce secondary pest outbreaks (Ripper et al. 1949, Ripper 
1959, Bartlett 1964) . Natural enemies interact with their 
prey within a system of low plant diversity and broad- 
spectrum pesticides. Thus, an understanding of the 
interrelationships of biological and chemical control 
measures is essential to exploit the subtle yet ecologically 
significant interactions between the two management 
practices (Croft 1990).
Interest in the use of resistant natural enemy 
populations within integrated pest management programs has
increased in the past two decades; however, there are few 
documented cases of resistant populations. Approximately 31 
documented cases of resistant predator (n=20) and parasitoid 
(n=ll) species exist (Croft 1990) ; whereas, >500 pest 
species (>375 species of agronomic importance) have evolved 
resistance to one or more pesticides (Georghiou and Saito 
1983, Croft 1990). Practical use of resistant natural 
enemies is limited primarily to their usually low tolerance 
levels; therefore, their use may conflict with the 
insecticidal compound's status as a pest control agent. 
Possibilities which may account for there being so few 
resistant natural enemies compared to resistant pest species 
include: 1) resistant natural enemies are generally less
abundant in number than resistant pest species, 2) 
restricted food supplies following pesticide applications, 
3) natural enemies have exhibited lower detoxification 
capabilities, and 4) natural enemy mobility that decreases 
resistance levels through the interbreeding of resistant and 
susceptible populations (Croft and Morse 1979, Tabashnik and 
Croft 1985, Croft 1990). Minimizing resistance in pests 
while simultaneously maximizing resistance in natural 
enemies is difficult and economically impractical in most 
cases; therefore, identifying selective pesticides that 
preserve natural enemy populations are advantageous to the 
success of integrated pest management programs.
Recommended insecticides for soybean looper and 
velvetbean caterpillar control in Louisiana include Bacillus 
thurinqiensis. carbaryl, methomyl, methyl parathion, 
permethrin and thiodicarb (Baldwin et al. 1996) . Bacillus 
thurinqiensis compounds, along with a thiodicarb formulation 
(=Larvin®), are the only labelled compounds recommended for 
use on soybean to control the soybean looper in Louisiana. 
Bacillus thurinqiensis compounds have an additional 
advantage in that they are relatively nontoxic to beneficial 
species. In a study conducted with G. punctipes adults and 
fourth-instar nymphs, Herbert and Harper (1986) found B. 
thurinqiensis compounds produced no toxicity in adults. 
Adult mean longevity, however, was decreased exponentially 
by continous exposure as nymphs to corn earworm, Helicoverpa 
zea (Boddie), larvae treated with B. thurinqiensis. Nymphs 
generally were more susceptible than adults with an LC50 of 
0.25 /xg per insect.
Soybean loopers have shown resistance to methomyl in 
Florida (Newsom et al. 1980) and to thiodicarb in South
Carolina (Sullivan 1992); whereas, only thiodicarb remains 
effective in Louisiana (Thomas et al. 1994) . Croft (1990) 
reported that some systemic carbamates (ex. pirimicarb) are 
moderately selective on beneficial insects, but the exact 
mechanisms are poorly understood. Pitts and Pieters (1982) 
reported that methomyl caused 34 and 100 percent mortality 
to geocorid and nabid adults, respectively, at 140 g Al/ha,
and Yokoyama et al. (1984) reported approximately 75 percent 
mortality for Geocoris pallens Stal after 24 hours exposure 
at a similar dose. Wilkinson et al. (1979) reported two
organophosphorus compounds, profenofos and sulprofos, caused 
>90 percent mortality to P. maculiventris. Yu (1988) 
observed that the spined soldier bug was more susceptible 
than the velvetbean caterpillar, the fall armyworm, 
Spodoptera fruaiperda (J. E. Smith), and the corn earworm to 
methyl parathion.
Pyrethroids are broad spectrum, environmentally stable 
compounds with high insect toxicity (Elliott 1977, Croft and 
Whalon 1982). Among hemipterans, Miridae and Lygaeidae are 
somewhat tolerant of pyrethroids; however, no single 
compound has shown a consistent pattern of selectivity 
across different beneficial insect guilds (Croft and Whalon 
1982, Croft 1990). Toxicity of permethrin and fenvalerate 
(0.06-0.22 kg Al/ha) is generally low for spiders and 
pentatomids but moderate for nabids, geocorids, and some 
hymenopterans. Yu (1988) reported that the spined soldier 
bug was less susceptible to permethrin and cypermethrin than 
the velvetbean caterpillar, the fall armyworm and the corn 
earworm. In Louisiana, Orr et al. (1989) reported that
Trissolcus basalis (Wollaston) was significantly more 
tolerant of permethrin than methyl parathion. In recent 
years, the soybean looper has shown increased resistance to 
permethrin in Georgia, Louisiana and Mississippi (Boethel et
al. 1992); therefore, there is a strong interest in the
development and registration of new insecticides for control 
of the soybean looper.
Avermectins and pyrroles represent two new classes of 
insecticides with high insect toxicity and low mammalian 
toxicity when applied at rates much lower than those of 
older compounds (Strong and Brown 1987, Lasota and Dybas 
1991, Lovell et al. 1991). Several agronomically important 
pests have been shown to be susceptible to avermectin and 
pyrrole compounds, including the soybean looper (Beach and 
Todd 1985, Strong and Brown 1987, Farlow et al. 1992, Thomas 
et al. 1994) . Data is limited on the toxicity of these
compounds to beneficial arthropods (Croft 1990). Pienkowski 
and Mehring (1983) found parasitism of Hvoera postica 
(Gyllenhal) by Bathyplectes spp. was unaffected when alfalfa 
weevils were treated with avermectin; however, Grafton- 
Cardwell and Hoy (1983) indicated predaceous mites were as 
susceptible as phytophagous mites at recommended field 
rates. Parrish and Roberts (1984) reported baits
impregnated with concentrations of 1 to 10 ppm were toxic to 
yellowjacket, Vespula maculifrons (Buysson), larvae.
Previous studies have demonstrated pest resurgence in 
soybean by green cloverworms, Plathypena scabra (F.); 
Mexican bean beetles, Epilachna varivestis Mulsant; soybean 
loopers; and velvetbean caterpillars following insecticide 
applications that reduced natural predator populations
(Shepard et al. 1977, Brown and Goyer 1982). Research into 
the toxicity of insecticides, particularly new compounds, is 
essential to maintain a viable and successful integrated 
soybean pest management program. Initial knowledge of 
pesticide impacts on beneficial insects will provide 
information about the interaction of chemical and biological 
control measures. Information derived from this study will 
not only be useful for soybean insect management in 
Louisiana, but also for other agroecosystems in which 
beneficial insects are important biological control agents. 
A clear understanding of biological and chemical 
interactions may reduce the loss of beneficial insects and 
thus decrease the risk of pest resurgence, insecticide 
resistance, and secondary pest outbreaks. Conserving 
natural enemy populations induces stability into the crop- 
herbivore relationship by reducing phytophagous arthropod 
populations below their economic injury levels.
To determine the effect of different insecticide 
classes (Appendix) on beneficial arthropods and preserve 
them as biological control agents of soybean pests, basic 
data on the toxicity of insecticides to beneficial 
arthropods and how these organisms' populations are affected 
in the field by insecticide applications are needed. The 
objectives of this research were to: 1) establish toxicity
data of new insecticides to Geocoris punctipes. Nabis 
capsiformis Germar, Nabis roseipennis. and Podisus
maculiventris; 2) ascertain the residual toxicity of
selected insecticides to Geocoris punctipes. Nabis 
roseipennis. and Podisus maculiventris; and 3) determine the 
impact of a broad range of different insecticide compounds 
to selected beneficial arthropod populations present in 
Louisiana soybean fields.
CHAPTER 1
TOXICITY OF SEVERAL CLASSES OF IN SE C T IC ID E S THROUGH 
TWO MODES OF UPTAKE BY HEMIPTERAN PREDATORS
Introduction
Soybean, Glycine max (L.) Merrill, is an important cash 
crop in Louisiana. The soybean agroecosystem in Louisiana 
harbors many insects including two groups of serious, annual 
pests; lepidopteran defoliators and stink bugs (Baldwin et 
al. 1996). An abundant and diverse complex of predatory
hemipteran fauna, primarily Geocoris and Nabis spp. along 
with the spined soldier bug, Podisus maculiventris (Say), 
attack both lepidopteran and stink bug pests (Shepard et al. 
1974, Dietz et al. 1976, Lopez et al. 1976, Goyer et al.
1983, Yeargan 1994). Because beneficial insects may not 
suppress populations of these and other pest species below 
their respective economic injury levels, insecticide 
treatments often are necessary to control pest infestations 
and protect crop yields (Newsom et al. 1980, Baldwin et al. 
1996).
Croft (1990) noted that natural enemies have a greater 
susceptibility to insecticides than their host species. 
Direct mortality of beneficial arthropods can occur by three 
routes of exposure: 1) direct contact, 2) uptake of
insecticide residues, or 3) consumption of prey species
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previously exposed to insecticides. The principal means of 
direct contact to pesticides is through deposits on plant 
surfaces. Hemipteran predators primarily encounter toxic 
dosages of insecticides through tarsal contact with treated 
surfaces (Wilkinson et al. 1979, Hartley and Graham-Bryce
198 0, Yokoyama et al. 1984) . Several studies have documented 
the contact toxicity of insecticides to natural enemies 
(Lingren and Ridgway 1967, Wilkinson et al. 1979, Herbert and 
Harper 1986, Yu 1988) .
McClanahan (1967) demonstrated that insecticide toxicity 
could be transferred to phytoseiid mites when they fed on 
two-spotted spider mites previously exposed to insecticides. 
Other studies have documented transfer of insecticide 
toxicity through the consumption of treated aphids for 
Syrphidae (Ahmed 1955), Coccinellidae (Ahmed 1955, Satpathy 
et al. 1968), and Pentatomidae (Wegorek and Pruszynski 1979) . 
Other papers documenting indirect insecticide toxicity 
through the consumption of treated prey have been reviewed by 
Croft and Brown (1975) and Croft (1977).
The objectives of this study were to 1) determine the 
direct contact toxicity of different classes of insecticides, 
and 2) evaluate the potential to transfer the toxicity of 
these different insecticides from prey species to hemipteran 
predators that commonly occur in soybean. The primary focus 
of this research was to compare toxicity of newer 
insecticides with that of older ones.
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Materials and Methods 
Insecticides. Formulated insecticides that were used in 
laboratory bioassays were provided by the following 
manufacturers: Phaser 3E® (endosulfan) and Scout X-tra
0.9E® (tralomethrin) AgrEvo USA Co., Wilmington, DE; Pirate 
3SC® (chlorfenapyr) American Cyanamid, Princeton, NJ; Admire 
2FS® (imidacloprid) Bayer Corporation, Kansas City, MO; 
Tracer 4SC® (spinosad) DowElanco, Indianapolis, IN; Proclaim 
0.16E® (emamectin benzoate) Merck and Co., Rahway, NJ; 
Condor OF 100F® (Bacillus thurinqiensis) Ecogen Inc., 
Langhorne, PA; Larvin 3.2F® (thiodicarb) Rhone-Poulenc 
Agricultural Co., Research Triangle Park, NC; Methyl 
Parathion 4E® (methyl parathion) Uniroyal Chemical Co. , 
Inc., Middlebury, CT; Orthene 75S® (acephate) Valent USA 
Corporation, Walnut Creek, CA; and Ambush 2E® (permethrin) 
Zeneca Inc., Wilmington, DE. Insecticide rates utilized in 
laboratory bioassays were selected on the basis of their 
potential use for control of soybean pests. Rates utilized 
in this study are included with the tables (1.1-1.8) . 
Insects. Nabis caosiformis Germar and Geocoris punctipes 
(Say) adults were collected from untreated soybean fields at 
the Northeast Research Station, Macon Ridge location, 
Winnsboro, LA; and at the St. Gabriel Research Station, St. 
Gabriel, LA. Adults were collected in the field, returned 
to the laboratory, and observed for physical injury and 
mortality for 24 hours before being used in bioassays.
Nabis roseipennis Reuter and spined soldier bugs, Podisus 
maculiventris (Say), adults were collected in untreated 
soybean fields at the St. Gabriel Research Station and used 
to establish laboratory colonies. Nabids and spined soldier 
bugs were reared in the laboratory as described by Braman 
and Yeargan (1988) and Mukerji and LeRoux (1965), 
respectively. Soybean looper, Pseudoplusia includens 
(Walker), eggs were obtained from the USDA Insect Rearing 
Facility at Stoneville, MS, and larvae were reared in groups 
of 25 or more per 295.7 ml diet cups on pinto bean-based 
diet modified from Burton (1969). Adult nabids and both 
adult and third-instar nymphs of the spined soldier bug were 
used in laboratory bioassays.
Laboratory Procedures. Fully expanded 'Centennial1 soybean 
trifoliat.es collected from untreated field sites or from 
plants grown in the greenhouse served as the substrate for 
insecticides. Leaves were selected as a substrate for 
testing insecticide toxicity as recommended by Yokoyama et 
al. 1984. Fully-expanded trifoliates were collected from 
the upper third of plants in the R1 to R3 growth stage (Fehr 
et al. 1971). Greenhouse plants were grown in 18 cm pots 
using Convent silt-loam soil and supplemented with 
artificial light with a photoperiod of 16:8 (L:D). Soybean 
('Centennial' cultivar) seeds were inoculated with peat- 
based Bradvrhizobium iaponicum (Nitragin® brand, S Culture, 
LiphaTech Inc., Milwaukee, WI) and planted five per pot.
To determine the direct contact toxicity of different 
insecticides, two trifoliates of soybean foliage were dipped 
into 200 ml solutions of formulated insecticides for three 
seconds, allowed to air-dry on a nonabsorbent plastic 
substrate, and then were placed into modified petri dishes. 
Petri dishes (100 x 15 mm) were modified by using a handheld 
soldering iron to create a 1.5 mm hole in the lids. Holes 
then were covered with a fine-mesh screening material to 
permit air movement into the dish and minimize fumigation 
effects of the insecticides. Indirect mortality of 
insecticides was tested by using treated third-instar 
soybean looper larvae (20-3 0 mg) as a food source for 
hemipteran predators. Soybean looper larvae were permitted 
to feed for six hours on treated foliage as previously 
described. This time interval was selected because it 
permitted sufficient consumption of foliage treated with 
slower acting insecticides but did not result in too rapid 
a degradation of larvae exposed to organophosphate and 
pyrethroid compounds. Overall, larvae incurred >90 percent 
mortality after exposure to treated foliage. Treated larvae 
either alive or dead then were provided to adult predators 
in clean petri dishes. Predators were starved the previous 
24 hours to facilitate feeding on treated larvae. A single 
piece of filter paper (90 mm) was placed into each petri 
dish, and moistened with 1 ml of deionized water every 24 
hours. A single predator was placed into each petri dish,
16
monitored frequently, and mortality was scored at 24, 48, 
and 72 hours. All tests were blocked three to five times 
with five to six individuals per block. Bioassays were 
conducted at 25±2°C, 50±10% RH, and 16:8 (L:D).
Data Analysis. Predators were classified as dead when no 
movement was detected three seconds after they were prodded. 
All treatment mortality data were corrected for the control 
mortality using Abbott1s formula (Abbott 1925). Control 
mortality did not exceed 20 percent in any bioassay. 
Percent mortality data were transformed using the arc sine 
transformation before being subjected to analysis of 
variance (PROC GLM, SAS Institute 1987). Each insecticide 
treatment was separately compared to each of the three 
standard insecticides (Ambush, Larvin, and Methyl Parathion) 
using Dunnett's t test (SAS Institute 1987). These standard 
insecticides are recommended for control of soybean pest 
species in Louisiana (Baldwin et al. 1996). Newer
insecticides were compared to each other using a single 
degree of freedom (df) contrasts to determine if differences 
existed among newer compounds.
Results
When adult spined soldier bugs (n=85 per treatment) 
were directly exposed to treated soybean foliage, a 
significant treatment effect was observed at 24 (F=41.66, 5, 
170 df, P=0.0001), 48 (F=46.69, 5, 170 df, P=0.0001), and
72 hours (F=89.04, 5, 170 df, P=0.0001) after initial
insecticide exposure. Pirate had significantly greater 
contact toxicity to adults than Ambush and Larvin for each 
observation period (Table 1.1) . When Proclaim was compared 
to Ambush or Larvin no significant difference was observed; 
however, Methyl Parathion had significantly greater contact 
toxicity than Proclaim. Pirate was significantly more toxic 
than Proclaim only at the initial observation period. 
Condor was significantly less toxic than the three standard 
chemistries for all observation periods. By 72 hours after 
initial exposure to treated foliage, Methyl Parathion was 
significantly more toxic than all other insecticides except 
Pirate.
A significant treatment effect also was observed for 
third-instar nymphs (n=100 per treatment) of the spined 
soldier bug after initial exposure to treated foliage 24 
(F=96.50, 5, 110 df, P=0.0001), 48 (F=201.69, 5, 110 df,
P=0.0001), and 72 hours (F=216.65, 5, 110 df, P=0.0008).
Spined soldier bug nymphs were highly susceptible to most 
insecticides used in the bioassays (Table 1.2) . Both 
Proclaim and Pirate were significantly more toxic than 
Larvin and equally as toxic as Ambush and Methyl Parathion 
to nymphs. Generally, Pirate and Proclaim were equally 
toxic, except for 24 hours after initial exposure when 
Proclaim was more toxic than Pirate. As observed with the
Table 1.1. Susceotibilitv of Podisus maculiventris (Sav) adults (n= 85/treatment) 24, 48, 
and 72 hours after exposure to soybean foliage treated with insecticides, 1994.
Treatment Rate“
Percent Mortality (±SEM)V
24 Hours 48 Hours 72 Hours
Ambush 0.112 29.2 (5.6)d 66.1 (6 . 3) d 76.6 (5.3) d
Condorx 4 . 677 5.6 (2.7)bed 9.4 (3.3)bed 9.4 (3.3)bed
Larvin 0.84 29.5 (4 . 7) d 65.6 (6 . 5) d 84.9 (4 . 9) d
Methyl Parathion 0.28 96 . 7 (1. 9)be 98 .3 (1.7)be 100 . 0 (0 . 0)be
Pirate 0 .224 65.2 (6.5)bed 95 . 0 (2.9)be 100 . 0 (0.0)be
Proclaim 0 .008 32 .1 (6 . 4) d 65 . 8 (5.4)d 79 . 9 (4 .1) d
Contrasty F-Valuez F-Value F-Value
Pirate vs Proclaim 19 .55* 0.25 0. 0
vMeans followed by b, c, and d are significantly different from Ambush, Larvin, and Methyl 
Parathion, respectively, (P<0.05, Dunnett's t test).
“Rate in kg (AI)/ha
xCondor is in 1/ha of formulated material. 
yl df for all comparisons
Significant differences (P<0.05) are indicated by *.
Table 1.2. Susceptibility of Podisus maculiventris (Say) third-instar nymphs (n= 100/
treatment) 24, 48, and 72 hours after exposure to soybean foliage treated with
insecticides, 1994.
Percent Mortality (±SEM)V
Treatment Rate” 24 Hours 48 Hours 72 Hours
Ambush 0.. 112 90 . 7 (3.. 1) c 97.. 0 (1.. 6) c 100 . 0 (0.. 0) c
Condorx 4 ,. 677 1.. 0 (1.. 0)bed 2 . 0 (1..4)bed 7 . 8 (2..4)bed
Larvin 0 . 84 30 . 0 (6.. 3) bd 52 . 7 (6.. 5) bd 68.. 5 (5.. 6) bd
Methyl Parathion 0 .28 100 . 0 (0.. 0) c 100 . 0 (0.. 0) c 100 . 0 (0.. 0) c
Pirate 0 .224 82 . 5 (5..4) cd 100 . 0 (0.. 0) c 100 . 0 (0.. 0) c
Proclaim 0 ,. 008 88.. 0 (4.. 2) d 100 ,. 0 (0.. 0) c 100 .0 (0,. 0) c
Contrast7 F-Valuez F-Value F-Value
Pirate vs Proclaim 9 .13* 1.00 1.00
vMeans followed by b, c, and d are significantly different from Ambush, Larvin, and Methyl
Parathion, respectively, (P<0.05, Dunnett's t test).
“Rate in kg (Al)/ha
xCondor is in 1/ha of formulated material.
yl df for all comparisons
Significant differences (P<0.05) are indicated by *.
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adult stage, Condor was the least toxic insecticide at all 
observation periods.
Adult Nabis roseipennis (n=30 per treatment) also 
experienced significant treatment effects at 24 (F=25.63, 4,
23 df, P=0.0001), 48 (F=16.63, 4, 23 df, P=0.0001), and 72 
hours (F=16.63, 4, 23 df, P=0.0001) after initial exposure 
to treated foliage. When compared to the standard 
insecticides, Proclaim was as equally toxic as Larvin but 
less toxic than Ambush (Table 1.3). Pirate was equally as 
toxic as Ambush except for the initial observation period, 
and significantly more toxic than Larvin. Proclaim had 
significantly lower contact toxicity than Pirate at 48 and 
72 hours after initial exposure to treated foliage.
A second set of insecticides, primarily older ones and 
two newer ones, was tested on nabid adults (n=3 0 per 
treatment). Significant treatment effects were observed at
24 (F=9.38, 5, 44 df, P=0.0001), 48 (F=9.89, 5, 44 df, 
P=0.0001), and 72 hours (F=9.89, 5, 44 df, P=0.0001) after 
insecticide exposure. Except for the initial observation 
period at 24 hours, Pirate at 0.112 kg Al/ha was as toxic as 
Methyl Parathion and significantly more toxic than Admire at 
all three observation periods (Table 1.4). Admire was 
significantly less toxic than Methyl Parathion at all 
observation periods.
Indirect insecticide toxicity through the consumption 
of treated prey by adult N. roseipennis (n=25 per treatment)
Table 1.3. Sus 
72 hours after
ceptibilitv of Nabis 
exposure to soybean
roseipennis Reuter adults (n= 30/treatment) 
foliage treated with insecticides, 1994.
24, 48, and
Percent Mortality (±SEM) V
Treatment Rate” 24 Hours 48 Hours 72 Hours
Ambush 0.112 88 . 9 (7.0)c 94 .4 (5.5)c 94 .4 (5.5)c
Condorx 4 . 677 0 . 0 (0.0)b 8.3 (8 . 3) b 8 . 3 (8 . 3) b
Larvin 0.84 5.5 (5.5)b 36.1 (15.2)b 36.1 (15.2)b
Pirate 0 .224 33 .3 (7.5)b 100 . 0 (0.0)c 100 . 0 (0.0)c
Proclaim 0 . 008 30 . 6 (10.9)b 36 .1 (12.5)b 36.1 (12.5)b
Contrasty F-Valuez F-Value F-Value
Pirate vs Proclaim 0. 07 20.97* 20 .97*
vMeans followed by b and c are significantly different from Ambush and Larvin respectively, 
(P<0.05, Dunnett1s t test).
“Rate in kg (Al)/ha
xCondor is in 1/ha of formulated material. 
yl df for all comparisons
Significant differences (P<0.05) are indicated by *.
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Table 1.4. Susceptibility of Nabis roseipennis Reuter adults (n= 30/treatment) 24, 48, and
72 hours after exposure to soybean foliage treated with insecticides, 1994.
Percent Mortality (±SEM)V
Treatment Rate“ 24 Hours 48 Hours 72 Hours
Admire 0.049 13 .3 (6.7)d 18.5 (7.6)d 18.5 (7.6)d
Methyl Parathion 0.28 77.4 (7.8) 77.4 (7.8) 77.4 (7.8)
Orthene 0.84 64 .5 (5.7) 73 .7 (7.4) 77.4 (7.8)
Phaser 1.119 48 . 9 (6 . 9) d 77.4 (7.8) 77.4 (7.8)
Pirate 0 .112 70 . 0 (6.6) 77.4 (7.8) 77.4 (7.8)
Scout X-tra 0 . 027 42 . 6 (11.8)d 59 . 6 (12.0) 61.8 (11.2)
Contrastx F-Valuey F-Value F-Value
Pirate vs Admire 27.82* 31.52* 34.22*
vMeans followed by d are significantly different from Methyl Parathion (P<0.05, 
Dunnett's t test).
“Rate in kg (AI)/ha 
X1 df for all comparisons




was examined in 1994. Significant treatment effects were 
observed at 24 (F=14.73, 4, 41 df, P=0.0001), 48 (F=8.73, 4, 
41 df, P=0.0001), and 72 hours (F=21.56, 4, 41 df, P=0.0001) 
after initial exposure to treated larvae. Larvae treated 
with Pirate were significantly more toxic than those treated 
with either Ambush or Larvin (Figure 1.1) . Proclaim was 
significantly less toxic to nabids than Pirate at 24 
(F=38.25, P=0.0001), 48 (F=23.69, P=0.0001), and 72 hours
(F=35.70, P=0.0001) after initial exposure to treated
larvae.
A second group of insecticides also was tested on adult 
nabids (n=25 per treatment) to determine indirect 
insecticide toxicity. A significant treatment effect was 
observed at 24 (F=8.52, 5, 50 df, P=0.0001), 48 (F=5.30, 5, 
50 df, P=0.0001), and 72 hours (F=13.78, 5, 50 df, P=0.0001) 
after exposure to treated larvae. Larvae treated with 
Orthene were significantly more toxic than those treated 
with Methyl Parathion at 24, 48, and 72 hours (Figure 1.2). 
At 72 hours, Phaser and Pirate (0.112 kg Al/ha) were 
significantly more toxic than Methyl Parathion. When Pirate 
was compared to Admire, a significant difference was 
observed only after 72 hours (F=16.25, P=0.0002) exposure to 
larvae treated with these insecticides.
In 1995, Nabis capsiformis adults (n=25 per treatment) 
were collected from field populations at the Northeast 
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Figure 1.1. Toxicity of different insecticides to Nabis roseipennis Reuter adults 
(n= 3 0/treatment) that fed on soybean looper larvae previously exposed to insecti­
cide residues. Means followed by b and c are significantly different from Ambush® 















Figure 1.2. Toxicity of different insecticides to Nabis roseipennis Reuter adults 
(n= 30/treatment) that fed on soybean looper larvae previously exposed to insecti­
cide residues. Means followed by d are significantly different from Methyl 
Parathion® (P<0.05, Dunnett's t test). toin
insecticide susceptibility differences existed between nabid 
species. Significant treatment effects were observed at 24 
(F=13.40, 6, 59 df, P=0.0001), 48 (F=14.16, 6, 59 df,
P=0.0001), and 72 hours (F=16.50, 6, 59 df, P=0.0001) after 
initial exposure to soybean foliage treated with 
insecticides. Pirate was significantly more toxic after 24 
hours than both standard insecticides (Ambush and Larvin); 
however, by 72 hours, Pirate and Proclaim were as equally 
toxic as Ambush and Larvin (Table 1.5) . At the 48 and 72 
hour readings, Admire and Tracer along with Condor were 
significantly less toxic than either Ambush or Larvin. When 
individual comparisons were made among newer insecticides, 
significant differences also were observed. Admire was 
significantly more toxic than Tracer after nabids were 
exposed for 72 hours to treated foliage (Table 1.6) . Pirate 
was significantly more toxic than Proclaim at the 24 and 48 
hour evaluations, and more toxic than Admire and Tracer at 
all three observation periods. Proclaim was significantly 
more toxic than Admire at 48 and 72 hours after initial 
exposure to treated foliage, and significantly more toxic 
than Tracer at all three observation periods.
When adult Geocoris punctipes adults (n=5 0 per 
treatment) were exposed to treated soybean foliage, a 
significant treatment effect was observed at 24 (F=158.64, 
7, 140 df, P=0.0001), 48 (F=51.00, 7, 140 df, P=0.0001), and 
72 hours (F=37.12, 7, 140 df, P=0.0001) after initial
Table 1.5. Susceptibility of Nabis capsiformis Germar adults (n= 25/treatment) 24, 48, and
72 hours after exposure to soybean foliage treated with insecticides, 1995.
Treatment Rate“
Percent Mortality (±SEM)V
24 Hours 48 Hours 72 Hours
Admire 0.049 30 . 0 (6.9) 30 . 0 (6.9)be 40 . 0 (11.7)be
Ambush 0.112 48 .3 (12.3) 70 . 0 (11.6) 88.3 (6.1)
Condorx 4.677 0 . 0 (0.0)be 8.3 (5.7)be 31.7 (7.6)be
Larvin 0 . 84 46 . 7 (14.0) 61.7 (12.4) 86 .7 (6.9)
Pirate 0.224 96 . 6 (3.7)be 100 . 0 (0.0)c 100 . 0 (0.0)
Proclaim 0 .008 35 . 0 (9.8) 50 . 0 (13.1) 83 .3 (11.4)
Tracer 0 . 056 8.3 (5.7)be 8.3 (5.7)be 16 . 7 (11.4)be
vMeans followed by b and c are significantly different from Ambush and Larvin, 
respectively, (P<0.05, Dunnett's t test).
“Rate in kg (AI)/ha
xCondor is in 1/ha of formulated material.
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Table 1.6. Susceptibility of Nabis capsiformis Germar adults (n= 25/treatment) 24, 48, and
72 hours after exposure to soybean foliage treated with insecticides. A comparison of
orthogonal contrasts between newer insecticides, 1995.
Contrast7
Percent Mortality
24 Hours 48 Hours 72 Hours
F-Valuez F-Value F-Value
Admire vs Tracer 3 .14 1. 05 4 . 06*
Pirate vs Proclaim 25.39* 14 .78* 2 . 07*
Pirate vs Admire 29.67* 36.29* 26.85*
Pirate vs Tracer 52.09* 49.29* 51.79*
Proclaim vs Admire 4 . 75* 10.27* 33.14*
Proclaim vs Tracer 0 .17 4 . 75* 4 . 06*
yl df for all comparisons
Significant differences (P<0.05) are indicated by *.
toCO
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exposure to treated foliage. At 24 hours, all insecticide 
treatments except Pirate were significantly less toxic than 
Methyl Parathion (Table 1.7) . Ambush was significantly less 
toxic than Methyl Parathion and Pirate but significantly 
more toxic than all other treatments. By 48 hours after 
initial exposure, Pirate was as equally toxic as both Ambush 
and Methyl Parathion. Tracer was significantly more toxic 
than Larvin but significantly less toxic than Ambush and 
Methyl Parathion at 48 and 72 hours after initial 
insecticide exposure. Three days after initial exposure to 
treated foliage, both Admire and Proclaim were significantly 
less toxic than Ambush and Methyl Parathion.
Significant differences also were observed when 
individual comparisons were made among newer insecticides 
(Table 1.8). Admire was significantly less toxic than 
Tracer for all observation periods. Pirate was
significantly more toxic than Admire, Proclaim, and Tracer. 
Proclaim was significantly less toxic than Admire at 24 and 
48 hours, and Tracer at 48 and 72 hours after initial 
exposure to treated foliage.
In 1995, a separate bioassay was conducted to determine 
indirect insecticide toxicity to adult geocorids (n=25 per 
treatment) that had fed on treated soybean looper larvae 
previously exposed to insecticides. A significant treatment 
effect was observed 48 (F=2.83, 10, 95 df, P=0.0040) and 72 
hours (F=2.92, 10, 95 df, P=0.0031) after initial exposure
Table 1.7. Susceptibility of Geocoris punctipes (Say) adults (n= 50/treatment) 24, 48, and
72 hours after exposure to soybean foliage treated with insecticides, 1995.
Percent Mortality (±SEM)V
Treatment Rate“ 24 Hours 48 Hours 72 Hours
Admire 0..049 13 .3 (5.. 0) bd 32 .4 (8.. 2) bd 36..5 (9.. 0) bd
Ambush 0 ,. 112 50 .2 (8.. 1) cd 89..5 (5.. 7) c 92..3 (5..4) c
Condorx 4 . 677 0..0 (0.. 0) bd 2 .0 (1.. 4) bd 1..8 (1.. 8) bd
Larvin 0 . 84 1.. 8 (1.. 8)bd 21.. 9 (8.. 3) bd 21.. 9 (7.. 8) bd
Methyl Parathion 0 . 28 100 . 0 (0.. 0) be 100 . 0 (0.. 0) c 100 . 0 (0.. 0) c
Pirate 0 . 224 100 . 0 (0.. 0) be 100 ,. 0 (0,. 0) c 100 . 0 (0,. 0) c
Proclaim 0 . 008 1.. 8 (1.. 8)bd 7.. 0 (4.. 8)bd 25 . 6 (8.. 7) bd
Tracer 0 . 056 0 . 0 (0.. 0) bd 47 . 6 (10 . 4)bed 69.. 1 (9..7) cd
vMeans followed by b, c, and d are significantly different from Ambush, Larvin, and Methyl 
Parathion, respectively, (P<0.05, Dunnett1s t test).
“Rate in kg (AI)/ha
xCondor is in 1/ha of formulated material.
Table 1.8. Susceptibility of Geocoris punctipes (Say) adults (n= 50/treatment) 24, 48, and
72 hours after exposure to soybean foliage treated with insecticides. A comparison of
orthogonal contrasts between newer insecticides, 1995.
Contrast7
Percent Mortality
24 Hours 4 8 Hours 72 Hours
F-Valuez F-Value F-Value
Admire vs Tracer 388.65* 128.41* 66.72*
Pirate vs Proclaim 388.65* 128.41* 66.72*
Pirate vs Admire 302.40* 67.94* 48.64*
Pirate vs Tracer 402.65* 40.72* 11.49*
Proclaim vs Admire 5.40 9 .54* 1.43
Proclaim vs Tracer 0 .12 24.50* 22 . 83*
yl df for all comparisons
Significant differences (P<0.05) are indicated by *.
u>H
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to treated larvae but not at 24 hours (F=1.31, 10, 95 df,
P=0.2352). At 48 and 72 hours, larvae treated with Pirate 
were significantly more toxic than those treated with Ambush 
or Larvin (Figure 1.3). Significant differences also were 
observed when individual comparisons were made among newer 
compounds. Larvae treated with Pirate were significantly 
more toxic than those treated with Admire (F=13.64, P=0.0004 
and F=10.24, P=0.0019) or Tracer (F=13.64, P=0.0004 and
F=13.64, P=0.0003) at 48 and 72 hours, respectively. Larvae 
treated with Proclaim larvae were significantly more toxic 
than those treated with Admire (F=5.33, P=0.0232) or Tracer 
(F=5.33, P=0.0232) only at 48 hours after initial
insecticide exposure.
Discussion
In this study, older insecticides such as Ambush and 
Methyl Parathion generally were more toxic than newer ones 
when predators made direct contact with insecticide 
residues. Symptomology of Methyl Parathion poisoning of 
predators was characterized by individual specimens lying on 
their backs with legs folded and antennae extended outward. 
Several studies have documented Methyl Parathion's high 
toxicity to predaceous insects by topical application 
(Lingren and Ridgway 1967, Yu 1988) and contact with treated 
substrates (Wilkinson et al. 1975, Yokoyama et al. 1984) . 













Figure 1.3. Toxicity of different insecticides to Geocoris punctipes (Say) adults 
(n= 30/treatment) that fed on soybean looper larvae previously exposed to insecti­
cide residues. Means followed by b, c, and d are significantly-different from 
Ambush®, Larvin®, and Methyl Parathion®, respectively, (P<0.05, Dunnett's t test).
uw
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predators, Wilkinson et al. (1975) reported percent
mortality from exposure to Methyl Parathion residues ranged 
from 42.2 to 100 percent at 0.227 kg Al/ha. Yokoyama et al. 
(1984) reported that G. pallens incurred 100 percent 
mortality after exposure to foliage treated with Methyl 
Parathion at 0.140 kg Al/ha.
The literature also indicates variability in data for 
pyrethroid poisoning of insect predators. Plapp and Bull 
(1978) found green lacewing, Chrvsopa carnea Stephens, 
larvae were less susceptible to pyrethroids than tobacco 
budworm, Heliothis virescens (F.), larvae. Yu (1988) 
reported that the spined soldier bug had a significantly 
higher LD50 (9.84 /-tg/g) than velvetbean caterpillar,
Anticarsia gemmatalis Hiibner, larvae (0.89 fig/g) . A survey 
of the literature indicates that hemipteran predators are 
moderately susceptible to pyrethroid residues (Croft and 
Whalon 1982). In my bioassays, >85 percent of hemipteran 
predators died after 72 hours exposure to soybean foliage 
treated with Ambush. Pyrethroid poisoning was characterized 
by uncoordinated movement, paralysis, and predators lying on 
their back with legs folded and mouthparts extended. 
Wilkinson et al. (1979) reported that G. punctipes and P.
maculiventris adults experienced 21.3 and 2.0 percent 
mortality, respectively, after five days exposure to 
Permethrin 2. 0 EC (0.14 kg Al/ha) . Their level of mortality 
is lower than that found in my studies; however, Wilkinson
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et al. (1979) used filter paper as a substrate for
insecticide residues. Yokoyama et al. (1984) reported the
lowest mortality levels to insecticides were obtained with 
paper substrates. In their study, geocorid exposure to 
foliar residues of fenvalerate at 0.225 kg Al/ha resulted in 
93.5 percent mortality.
Percent mortality after 72 hours exposure to foliage 
treated with Larvin ranged from =22 percent for G. punctipes 
to 87 percent for N. capsiformis. Larvin poisoning was 
characterized by sluggish movement and insects lying on 
their backs with rapid, uncontrolled leg movements. I 
observed that N. capsiformis adults were twice as 
susceptible as N. roseipennis adults. The data are somewhat 
surprising because N. capsiformis adults were collected from 
soybean in a region of Louisiana where insecticide usage is 
heavy; whereas, N. roseipennis were collected from field 
sites in southern Louisiana where insecticides are used less 
frequently. This suggests that differences in tolerance may 
exist within this genus to different classes of 
insecticides.
Condor, a commercial formulation of Bacillus 
thurinaiensis var. kurstaki. generally had low direct 
toxicity to hemipteran predators. Except for the greater 
susceptibility of N. capsiformis adults (31.7 percent) to 
Condor after 72 hours exposure, percent mortality for 
hemipteran predators was <10 percent. Herbert and Harper
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(1986) noted that in bioassays conducted with the B. 
thuringiensis beta-exotoxin, there was virtually no tactile 
toxicity even at concentrations equivalent to 39- and 70- 
fold those used in the field. My data also indicates that 
current B. thuringiensis formulations with the delta- 
endotoxin may have a low direct impact on hemipteran 
predators in the field.
New insecticides generally were less toxic than older 
ones. The exception was Pirate at 0.224 kg Al/ha that 
caused 100 percent mortality to all groups tested and was 
equally as toxic as Ambush and Methyl Parathion in most 
cases. Predators poisoned by Pirate were slow to respond to 
prodding, and occasionally individuals exhibited rapid, 
uncoordinated leg movement. Proclaim generally was less 
toxic to G. punctipes and N. roseipennis adults than to N. 
capsiformis adults and both life stages of the spined 
soldier bug. Typical symptoms of Proclaim poisoning were 
slow response when prodded and uncontrolled leg movements. 
Grafton-Cardwell and Hoy (1983) reported that the relative 
contact toxicity of avermectin B1 was less to a predaceous 
phytoseiid mite than to spider mites. Generally,
avermectin-based compounds have not shown high contact 
toxicity to insect predators (Lasota and Dybas 1991). Data 
on Admire and Tracer are lacking, but both can be classified 
as having a moderate level of toxicity to geocorids and 
nabids based on my laboratory data.
Bioassays conducted to determine indirect insecticide 
toxicity through the consumption of treated prey also 
indicated differences among classes of insecticides. Croft 
(1990) noted the uptake of toxins from prey can be conferred 
both by live or dead prey. Gholson et al. (1978) reported
that predatory carabids sustained high mortality when 
feeding on treated prey. In my bioassays conducted with 
geocorids and nabids, both living and dead soybean looper 
larvae were fed upon by predators. In several instances 
predators died with their mouthparts inserted into their 
treated prey. Overall, Pirate (0.224 and 0.112 kg Al/ha) 
had the greatest toxicity to adult nabids and geocorids. It 
was significantly more toxic than the other new insecticides 
to both insect groups. Proclaim displayed low, secondary 
toxicity to these predators; however, other studies have 
shown avermectin-based compounds have high secondary 
toxicity to predators (Parrish and Roberts 1984, Pienkowski 
and Mehring 1983, Strong and Brown 1987). A low level of 
secondary toxicity (<20 percent mortality) was observed in 
my study when G. punctipes fed on larvae treated with 
Proclaim. Previous studies have shown the consumption of 
prey treated with the beta-exotoxin of B. thuringiensis 
killed predators (Kiselek 1975, Herbert and Harper 1986). 
My data indicated that Condor with the delta-endotoxin may 
have low indirect toxicity to predators consuming treated 
prey.
In summary, these data suggest that generally newer 
insecticides, with the exception of Pirate, are less toxic 
than older ones (i.e. Ambush and Methyl Parathion) to 
hemipteran predators after direct contact with treated 
substrates. Pirate also was shown to have significant 
secondary toxicity when predators were provided with treated 
prey. The incorporation of more selective insecticides into 
the soybean integrated pest management system may prevent 
disruptions in natural enemy populations. The use of these 
selective insecticides, however, may indirectly force 
predators to emigrate and take refuge in untreated areas 
with more plentiful prey resources (Croft and Brown 1975, 
Emel'yanov and Yakushev 1981). Future research is needed to 
determine the interval it takes natural enemies to 
recolonize treated fields.
CHAPTER 2
RESIDUAL TOXICITY OF DIFFERENT IN SE C T IC ID E S TO BENEFICIAL  
INSECTS ON SOYBEAN FOLIAGE
Introduction
In Louisiana, over 70 taxa of beneficial insects 
species are associated with soybean (Goyer et al. 1983).
Soybean has a very diverse and abundant hemipteran fauna 
with the genera Orius. Geocoris. and Nabis being the most 
abundant groups (Dietz et al. 1976, Shepard et al. 1974,
Irwin and Shepard 1980, Yeargan 1994). Both geocorids and 
nabids are among the greatest consumers of lepidopteran eggs 
and larvae (Reed et al. 1984, Richman et al. 1980) . The
spined soldier bug, Podisus maculiventris (Say), is another 
important predator in soybean with over 100 prey species 
(McPherson 1980). Spined soldier bugs are efficient 
predators of late-instar noctuid larvae such as the soybean 
looper, Pseudoolusia includens (Walker) (Lopez et al. 1976) .
Infestations of both pod-feeding pentatomids and 
lepidopteran defoliators occur annually in Louisiana soybean 
fields, and both groups often must be controlled with 
insecticides (Newsom et al. 1980, Baldwin et al. 1996) . 
Insecticide usage can have a detrimental impact on 
beneficial arthropod populations. In general, natural 
enemies have a greater susceptibility to low concentrations
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of insecticides than their host species (Croft 1990) . Both 
behavioral (ex. locomotion, searching capability, self 
cleaning) and pesticide processes (ex. deposition, 
redistribution, weathering) may contribute to differences in 
susceptibility of predaceous insects and their prey to 
insecticides.
Direct mortality of beneficial arthropods due to 
insecticide usage can occur by three different routes of 
exposure, such as exposure to foliar residues (Croft 1990). 
Willis and McDowell (1987) conducted a survey of pesticide 
persistence on plant foliage following insecticide 
applications in the field, and they found that the overall 
mean half-lives of insecticides differed by chemical 
structure. In descending order of persistence, the half- 
life of pyrethroids is 5.3 days as compared to 
organophosphates (3.0 days) and carbamates (2.4 days). 
Plant-intercepted pesticides may be adsorbed, absorbed, 
altered, volatilized, or removed by water resulting in an 
initial rapid decline in surface residues followed by a 
slower, asymptotic decline. In general, pesticides with 
persistent residues generally discriminate against natural 
enemies as compared to their host or prey species (Gratwick 
1957). This is partially due to natural enemies searching 
for their prey and increasing their exposure to foliar 
insecticide residues (Hartley and Graham-Bryce 1980).
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The intent of this study was to determine the residual 
toxicity of different insecticide compounds on predaceous 
hemipteran species. The principal interest was in the 
residual toxicity of new insecticides that are nearing 
registration for possible use on agronomic crops in 
Louisiana.
Materials and Methods 
Insecticides and surfactant. Insecticides that were 
utilized were provided by the following manufacturers: 
Pirate 3SC® (chlorfenapyr) American Cyanamid, Princeton, NJ; 
Admire 2FS® (imidacloprid) Bayer Corporation, Kansas City, 
MO; Tracer 4SC® (spinosad) DowElanco, Indianapolis, IN; 
Dyne-Amic (organosilicant) surfactant Helena Chemical 
Company, Memphis, TN; Proclaim 0.16E® (emamectin benzoate) 
Merck and Co., Rahway, NJ; Larvin 3.2F® (thiodicarb) Rhone- 
Poulenc Agricultural Co., Research Triangle Park, NC; Methyl 
Parathion 4E® (methyl parathion) Uniroyal Chemical Co., 
Inc., Middlebury, CT; and Ambush 2E® (permethrin) Zeneca 
Inc., Wilmington, DE. Insecticide rates utilized to 
establish residual toxicity in the field were selected from 
labelled rates or rates being considered for control of 
agronomic pests in soybean. Rates utilized in this study 
are included with the tables (2.1-2.5) .
Insects. Nabis roseipennis Reuter and Geocoris punctipes 
(Say) adults were collected from untreated soybean fields at
the Central Research Station, Ben Hur location, Baton Rouge 
LA; near Hamburg, LA; and at the St. Gabriel Research 
Station, St. Gabriel, LA. Adults were collected in the 
field, returned to the laboratory, and observed for physical 
injury and mortality for 24 hours before being used in 
bioassays. Spined soldier bugs, Podisus maculiventris 
(Say), adults were collected in untreated soybean fields at 
the St. Gabriel Research Station and used to establish 
laboratory colonies. Spined soldier bugs were reared in the 
laboratory as described by Mukerji and LeRoux (1965). 
Soybean looper, Pseudoplusia includens (Walker) , eggs were 
obtained from the USDA Insect Rearing Facility at 
Stoneville, MS, and larvae were reared in groups of 25 or 
more per 295.7 ml diet cup. Both adult and third-instar 
nymphs of the spined soldier bug were utilized in laboratory 
bioassays.
Field Application. In 1994, insecticide treatments were 
applied to 'Stonewall' soybean cultivar in the R2 and R5 
growth stages (Fehr et al. 1971) at the St. Gabriel Research 
Station for nabid (July 20) and spined soldier nymph 
(September 19) bioassays, respectively, Due to the
advanced maturity of 'Stonewall' soybeans, 'Delta Pine 3627' 
cultivar in the R4 growth stage was utilized for adult 
spined soldier bug bioassays (October 14) . In 1995, 
insecticide treatments were applied to the cultivar 
'Centennial' in the R2 growth stage (July 14) for use in
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geocorid bioassays. All insecticides were applied with a 
C02 pressurized backpack sprayer calibrated to deliver 140.3 
1/ha total spray at 2 .2 kg/cm2 through TeeJet® 8002 flat fan 
nozzles (two per row). Plots were six rows by 15.2 m with
0.91 m between rows with the four center rows treated and a 
untreated border row on each side of the plot. 
Approximately 1.34 cm of rainfall occurred two days after 
insecticide applications in the nabid test; however, no 
rainfall occurred during the geocorid and spined soldier bug 
adult or nymph tests.
In the 1994 tests, foliage was collected at 4, 48, and 
72 hours after insecticide applications. Fully-expanded 
trifoliates were collected from the upper third of the 
soybean plants. Because of large field populations of 
geocorids that were available in 1995, foliage also was 
collected 24 hours after insecticide applications in 
addition to collections made 6, 48, and 72 hours after
insecticide applications. Foliage from different
insecticide treated plants was placed into separate plastic 
bags that contained two moistened paper towels to prevent 
foliage from prematurely desiccating. Foliage was
transported to the laboratory in 151.4 1 ice coolers to 
prevent further degradation of insecticide residues. 
Laboratory Procedures. Petri dishes (100 x 15 mm) were 
modified by using a handheld soldering iron to create a 1.5 
mm hole in the lids. Holes then were covered with a fine
mesh screening material to permit air movement into the dish 
and minimize fumigation effects of the insecticides. A 
single piece of filter paper (90 mm) was placed into each 
petri dish, and moistened with one ml of deionized water 
every 24 hours to supplement humidity in each dish. 
Beneficial insects were placed into separate petri dishes 
with two soybean trifoliates treated with insecticides, 
monitored daily, and mortality was scored after 72 hours. 
To prevent secondary toxicity through consumption of treated 
prey, predators were not provided with prey specimens. All 
tests were blocked five times with six individuals per block 
for geocorids and nabids and four individuals per block for 
both spined soldier bug bioassays. Bioassays were conducted 
at 25±2°C, 50±10% RH, and 16:8 (L:D).
Data Analysis. Predators were classified as dead when no
movement was detected three seconds after they were prodded. 
All treatment mortality data was corrected for the control 
mortality using Abbott's formula (Abbott 1925). Control 
mortality did not exceed 20% in any bioassay. Percent 
mortality data were transformed using the arc sine 
transformation prior to being subjected to analysis of
variance (PROC GLM, SAS Institute 1987). In nabid and
spined soldier bug bioassays, each insecticide treatment was 
compared to the standard insecticide (Ambush), and in the 
geocorid bioassay, treatments were separately compared to 
each of the three standard insecticides (Ambush, Larvin, and
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Methyl Parathion) using Dunnett's t test (SAS Institute 
1987). These standard insecticides are recommended for 
control of soybean pest species in Louisiana (Baldwin et al. 
1996) . Newer insecticides were compared to each other using 
a single degree of freedom (df) contrasts to determine if 
differences existed among newer compounds.
Results
When adult nabids (n= 3 0 per treatment) were exposed to 
treated field foliage, a significant treatment effect was 
observed at 4 (F=47.24 3, 12 df, P=0.0001), 48 (F=79.70,
3,12 df, P=0.0001), and 72 hours (F=98.76, 3,12 df,
P=0.0001) after insecticide applications. Pirate had 
significantly greater residual toxicity to adult nabids than 
Ambush for all three collection intervals (Table 2.1). When 
Proclaim was compared to Ambush no significant difference 
was observed; however, Pirate had significantly greater 
residual toxicity than both Proclaim treatments. By 72 
hours after insecticide applications, no residual toxicity 
was evident to adult nabids exposed to foliage treated with 
Ambush or Proclaim, and this may be partially attributed to 
rainfall that occurred 48 hours after insecticide 
applications.
Bioassays also were conducted for both third-instar 
nymphs (n= 20 per treatment) and adult (n= 20 per treatment) 
stages of the spined soldier bug. A significant treatment
Table 2.1. Susceptibility of Nabis roseipennis Reuter adults (n=30/treatment/collection
interval) 72 hours after exposure to treated soybean foliage collected 4, 48, and 72
hours after insecticide applications, 1994.
Collection Interval
4 Hours 48 Hours 72 Hours
Treatment Ratev %Mortality (+SEM)W %Mortality (±SEM) %Mortality (±SEM)
Ambush 0.112 11.7 (5.0) 10.0 (5.1) 0.0 (0.0)
Pirate 0.224 80.0 (8.9)b 100.0 (0.0)b 86.7 (5.4)b
Proclaim 0 . 008 3.3 (3.3) 16.7 (7.5) 0.0 (0.0)
Proclaim+
Dyne-Amicx
0 . 008 
2 .366 6.7 (4.4) 6.7 (4.4) 13.3 (7.4)
Contrast7 F-Valuez F-Value F-Value
Pirate vs Proclaim 103.93* 138.86* 214.44*
Pirate vs Proclaim+ 
DyneAmic 95.09* 174.21* 153.54*
vRate in kg (AI)/ha
“Means followed by b are significantly different from Ambush (P<0.05, Dunnett's t. test) . 
xDyneAmic surfactant in 1/378.5 1 
yl df for all comparisons
Significant differences (P<0.05) are indicated by *.
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effect was observed for spined soldier bug nymphs after 
exposure to treated foliage 4 (F=30.89, 3,12 df, P=0.0001), 
48 (F=41.40, 3,12 df, P=0.0001), and 72 hours (F=11.38, 3,12 
df, P=0.0008) after insecticide applications. Foliage 
treated with Ambush had significantly lower residual 
toxicity than Pirate; however, Ambush toxicity was not 
significantly different from the two Proclaim treatments for 
all three field collections (Table 2.2). Both Proclaim 
treatments had significantly lower residual toxicity than 
Pirate to spined soldier nymphs for all field collections.
Adult spined soldier bugs also experienced mortality 
after exposure to foliage treated with insecticides, and a 
significant treatment effect was observed at 4 (F=4.66, 3,12 
df, P=0.0082) , 48 (F=14.92, 3,12 df, P=0.0001), and 72 hours 
(F=6.93, 3,12 df, P=0.0010) after insecticide applications. 
When compared to Ambush, no significant difference was 
observed among treatments for the first collection period 
(Table 2.3) . However, at both the 48 and 72 hour collection 
intervals, Pirate had significantly greater residual 
toxicity than Ambush. As observed with the nymphal stage, 
both Proclaim treatments had significantly lower residual 
toxicity to adult spined soldier bugs than Pirate for all 
three collection intervals.
In 1995, large field populations of Geocoris punctipes 
(Say) at the St. Gabriel Research Station permitted the 
testing of a wider range of insecticides, and the addition
Table 2.2. Susceptibility of Podisus maculiventris (Say) nymphs (n=20/treatment/collection
interval) 72 hours after exposure to treated soybean foliage collected 4, 48, and 72 hours
after insecticide applications, 1994.
Collection Interval
4 Hours 48 Hours 72 Hours
Treatment Ratev %Mortality (±SEM)“ %Mortality (±SEM) %Mortality (±SEM)
Ambush 0 .112 20.0 (5.0) 15.0 (6.1) 25.0 (19.4)
Pirate 0.224 85.0 (10.0)b 75.0 (11.2)b 85.0 (6 .1)b
Proclaim 0 . 008 5.0 (5.0) 0.0 (0.0) 5.0 (5.0)
Proclaim+ 
Dyne-Amicx
0 . 008 
2.366 10.0 (6.1) 5.0 (5.0) 5.0 (5.0)
Contrasty F-Valuez F-Value F-Value
Pirate vs Proclaim 71.46* 96.54* 25.41*
Pirate vs Proclaim+ 
DyneAmic 62.81* 84.09* 25.41*
vRate in kg (AI)/ha
“Means followed by b are significantly different from Ambush (P<0.05, Dunnett1s t test). 
xDyneAmic surfactant in 1/378.5 1 
yl df for all comparisons
Significant differences (P<0.05) are indicated by *.
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Table 2.3. Susceptibility of Podisus maculiventris (Say) adults (n= 20/treatment/
collection interval) 72 hours after exposure to treated soybean foliage collected 4, 48,
and 72 hours after insecticide applications, 1994.
Collection Interval
4 Hours 48 Hours 72 Hours
Treatment Ratev %Mortality (±SEM)W %Mortality (±SEM) %Mortality (±SEM)
Ambush 0.112 35.0 (10.7) 5.0 (5.0) 10.0 (6.7)
Pirate 0 .224 50.0 (10.5) 55.0 (13 . 8)b 55.0 (5.7)b




2 .366 10.0 (6.7) 0.0 (0.0) 5.0 (5.0)
Contrast7 F-Valuez F-Value F-Value
Pirate vs Proclaim 9.57* 31.49* 12.76*
Pirate vs Proclaim+ 
DyneAmic 9.57* 31.49* 15.76*
vRate in kg (AI)/ha
“Means followed by b are significantly different from Ambush (P<0.05, Dunnett's t test). 
xDyneAmic surfactant in 1/378.5 1 
yl df for all comparisons
Significant differences (P<0.05) are indicated by *.
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of a fourth collection of treated foliage at 24 hours after 
insecticide applications. A significant treatment effect 
was observed at 6 (F=23.72, 6,24 df, P=0.0001), 24 (F=24.39, 
6,24 df, P=0.0001), 48 (F=165.02, 6,24 df, P=0.0001), and 72 
hours (F=393.94, 6,24 df, P=0.0001) after insecticide
applications. All insecticide treatments were compared to 
three standard insecticides (i.e. Ambush, Larvin, and Methyl 
Parathion). At the first collection interval, the residual 
toxicity of foliage treated with Ambush was significantly 
more toxic than foliage treated with Admire or Proclaim, but 
significantly less toxic than foliage treated with Methyl 
Parathion or Pirate (Table 2.4). After 72 hours exposure to 
treated foliage, Larvin had significantly lower residual 
toxicity than both Methyl Parathion and Pirate. For the 
latter three collection periods, foliage treated with Pirate 
had significantly greater residual toxicity than that of the 
three standard insecticides. Individual comparisons among 
newer insecticides (i.e. Admire, Pirate, Proclaim, and 
Tracer) also indicated significant differences among 
treatments. Adult geocorids were significantly more 
susceptible to foliage treated with Pirate as compared to 
the other three newer insecticides for all four collection 
intervals (Table 2.5). Significant differences were not 
observed when the residual toxicity of Proclaim was compared 
to Admire or Tracer for the first, second, and fourth field 
collections. Proclaim, however, had significantly lower
Table 2.4. Susceptibility of Geocoris punctipes (Say) adults (n= 3O/treatment/collection
interval) 72 hours after exposure to treated soybean foliage collected 6, 24, 48, and 72
hours after insecticide applications, 1995.
Treatment Ratev
Collection Interval
6 Hours 24 Hours 48 :Hours 72 Hours
%Mortality(±SEM)“ %Mortality(±SEM) %Mortality(±SEM) %Mortality(±SEM)
Admire 0.049 11.1 (5.5)bd 21.7 (10.6) 8.3 (5.7) 0.0 (0.0)
Ambush 0 .112 46.7 (12.6)d 21.7 (10.6) 0 . 0 (0.0) 0.0 (0.0)
Larvin 0 . 840 39.3 (10.7)d 0 . 0 (0.0) 0 . 0 (0.0) 0.0 (0.0)
MParathionx 0 .280 100 . 0 (0.0)be 11.7 (6.1) 0 . 0 (0.0) 0 . 0 (0.0)
Pirate 0.224 100 . 0 (0.0)be 100 . 0 (0.0)bed 100 . 0 (0.0)bed 100 . 0 (0.0)bed
Proclaim 0 . 008 10 . 0 (6.7)bd 11.7 (6.1) 0 . 0 (0.0) 5 . 0 (5.0)
Tracer 0.056 25 .2 (11.8)d 15 . 0 (7.6) 8.3 (5.7) 0.0 (0.0)
vRate in kg (AI)/ha
“Means followed by b, c, and d are significantly different from Ambush, Larvin, and Methyl 
Parathion, respectively, (P<0.05, Dunnett's t test). 
xMParathion = Methyl Parathion
Table 2.5. Susceptibility of Geocoris punctipes (Say) adults (n= 30/treatment/collection 
interval) 72 hours after exposure to treated soybean foliage collected 6, 24, 48, and 72 
hours after insecticide applications. Comparison of orthogonal contrasts between newer 
insecticides, 1995.
Collection Interval
6 Hours 24 Hours 48 Hours 72 Hours
Contrast7 F-Valuez F-Value F-Value F-Value
Admire vs Tracer 1.60 0.48 0.00 0.00
Pirate vs Proclaim 65.40* 84.95* 604.14* 1398.60*
Pirate vs Admire 63.85* 66.80* 507.64* 1398.60*
Pirate vs Tracer 45.22* 78.64* 507.64* 1398.60*
Proclaim vs Admire 0 . 01 1. 09 4 .20* 3 .50
Proclaim vs Tracer 1.86 0 .12 4 .20* 3 .50
yl df for all comparisons




residual toxicity than either Admire or Tracer at 4 8 hours 
after insecticide applications. No significant differences 
were apparent when Admire and Tracer foliar residual 
toxicities were compared.
Discussion
Pirate is a representative compound of a new class of 
insecticides, the pyrroles, and its mode of action is an 
uncoupler of oxidative phosphorylation (Thomas et al. 1994) . 
Previously, AC 303,630 (= Pirate) was indicated to have
moderate residual activity on plants (Lovell et al. 1991). 
In this study, Pirate had the greatest residual toxicity to 
geocorid and nabid adults, and both spined soldier bug 
nymphs and adults than all other chemistries tested except 
Methyl Parathion in the geocorid bioassay. When the 
residual toxicity of Pirate was compared to Proclaim's, it 
was significantly greater for each predator for all 
collection periods. Pirate also had significantly greater 
residual toxicity than either Admire or Tracer to adult G. 
punctipes. Both Pirate and Proclaim have strong
translaminar activity in plant foliage (American Cyanamid 
Technical Bulletin 1992; Merck Technical Data Sheet 1995); 
thus, there is a reservoir of these insecticides in the 
plant's foliage. My data suggests Pirate residues are more 
readily available than Proclaim's, and this may partially 
explain why Pirate's foliar residual toxicity was
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significantly different from that of the other insecticides 
tested.
Proclaim belongs to another class of insecticides, 
avermectins, that are relatively new to agronomic crops. 
Avermectins are large, complex molecules that are comprised 
of two component series, A and B (Wright 1986). Generally, 
the B series is more biologically active, and two of these, 
B1a and B1b, are components of Proclaim. In bioassays
conducted with predaceous insects, Proclaim generally had 
lower residual toxicity than the standard insecticide, 
Ambush. Proclaim also had significantly lower residual 
toxicity than either Admire or Tracer after adult geocorids 
were exposed to foliage collected 48 hours after insecticide 
applications. Avermectin-based compounds are known to be 
absorbed into the mesophyll layer of foliage, but they 
rapidly break down when exposed to ultraviolet light 
(Wislocki et al. 1989, Lasota and Dybas 1991) . In two
studies conducted on cotton, Bull et al. (1984) observed
that labelled avermectin B1a had a half-life of only 1.5 
days, and Beach and Todd (1985) found no decrease in 
oviposition by soybean looper moths exposed to cotton plants 
72 hours postspray.
Croft (1990) conducted a survey of insecticide toxicity 
data on beneficial arthropods, and he found that the overall 
average toxicity among different insecticides was greatest 
for pyrethroids. In general, pyrethroids have a mean half-
life of 5.3 days in the field, and permethrin (EC), 
specifically, has a half-life ranging from 3.0 to 13.9 days 
(Willis and McDowell 1987). In my bioassays, G. punctipes 
adults incurred the greatest mortality (46.7 percent) after 
exposure to foliage treated with Ambush for the initial 
collection period. The residual toxicity of Ambush was 
significantly greater than Admire's or Proclaim's, but less 
than Methyl Parathion's and Pirate's. By 24 hours after 
insecticide applications, the residual toxicity of Ambush 
had declined and was significantly lower than Pirate's. 
Previously, Southwick et al. (1986) found that permethrin
(EC) residues significantly suppressed pest populations 
relative to untreated control plots for up to four days 
after application. In contrast, Orr et al. (1989) reported 
that the greatest residual toxicity of permethrin to the 
scelionid parasitoid, Trissolcus basalis (Wollaston) , was 11 
percent immediately following insecticide application. By 
six hours after insecticide application, mortality had 
declined to «0 percent.
Contrary to the environmental persistence of 
pyrethroids, organophosphates have a shorter overall half- 
life of 3.0 days as compared to pyrethroids' 5.3 days 
(Willis and McDowell 1987). Specifically, Methyl Parathion 
has a half-life ranging from 0.1 to 13.9 days. In 1995, the 
residual toxicity of Methyl Parathion to adult geocorids was 
100 percent within six hours of insecticide application, but
mortality declined to 0 percent at 48 hours after 
application. At 12 hours after insecticide application, Orr 
et al. (1989) observed that T. basalis adult mortality to
foliage treated with methyl parathion was <10 percent. In 
1995, the geocorid bioassay was conducted during sunny, hot 
weather with little cloud cover. Organophosphates have been 
documented to have increased activity due to higher 
volatilization rates at high temperatures (Spencer et al. 
1973) , and there is a positive temperature coefficient (Camp 
et al. 1969).
Residual toxicity of newer insecticides in the field 
differed by insecticide. The high residual toxicity of 
Pirate at 0.224 kg Al/ha 72 hours after application should 
greatly benefit soybean producers who are attempting to 
control lepidopteran pests. Pirate, however, may adversely 
affect arthropod natural enemies that escape initial contact 
with the insecticide or those recolonizing treated fields. 
Natural enemies most frequently acquire insecticide toxicity 
by residual contact because of mobile life stages that spend 
considerable time searching for prey species. Thus, the 
combination of greater susceptibility of predators to low 
concentrations of insecticides and their mobility increases 
their exposure to residues when searching for their host or 
prey. Insecticides with persistent residues generally will 
discriminate against arthropod natural enemies as compared 
to their prey species.
CHAPTER 3
IMPACT OF IN SE C TIC ID E S ON FIELD POPULATIONS OF BENEFICIAL  
AND PEST SPEC IES IN  SOYBEAN
Introduct ion
Soybean, Glycine max (L.) Merrill, is one of the most 
important agronomic crops in Louisiana. In 1995, Louisiana 
produced =23.6 million bushels of soybeans on =1.1 million 
acres with an export value of =153 million dollars (Walter 
Morrison [LSU Agricultural Center, Louisiana Cooperative 
Extension Service, 252 Knapp Hall, Baton Rouge, LA 70803], 
personal communication). Approximately, 99 percent of 
Louisiana's soybean production is exported; thus, soybean is 
an important economic asset to the state's economy.
The soybean agroecosystem in the United States harbors 
over 700 species of phytophagous insects (Way 1994) . In 
Louisiana, outbreaks of economically damaging lepidopteran 
and stink bug populations can occur annually (Baldwin et al. 
1996) . The soybean looper, Pseudoolusia includens (Walker) 
(Lepidoptera: Noctuidae), is a serious defoliating pest on
soybean. A complex of stink bug species, particularly the 
southern green stink bug, Nezara viridula (L.) (Hemiptera: 
Pentatomidae), also attack soybean. Because beneficial 
arthropods may not suppress populations of these and other 
pest species below their respective economic injury levels,
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insecticide treatments often are necessary to control pest 
infestations.
In Louisiana, over 70 taxa of beneficial insect species 
are associated with soybean (Goyer et al. 1983, Daigle et 
al. 1988, 1990) . Several faunistic studies of soybean have 
identified a very diverse and abundant hemipteran predator 
fauna (Kretzschmar 1948, Blickenstaff and Huggans 1962, 
Dietz et al. 1976, Yeargan 1994) . The predominant groups in 
soybean include Nabidae (Nabis spp.), Lygaeidae (Geocoris 
spp.), Anthocoridae (Orius spp.), Pentatomidae (Podisus 
spp.), and Reduviidae (Zelus spp., Sinea spp., and others). 
In general, the genera Orius, Geocoris, and Nabis are the 
most abundant (Irwin and Shepard 1980) .
Previous studies have demonstrated how insecticide 
applications in soybean have contributed to subsequent pest 
resurgence when natural enemy populations were eliminated or 
reduced (Shepard et al. 1977, Brown and Goyer 1982). The 
effects of an insecticide on beneficial species are of two 
general types (Newsom 1974). They are: 1) direct lethal
and sublethal effects on the species itself, and 2) indirect 
effects by reducing the availability of food resources to 
predaceous species. Because soybean is a relatively low- 
value commodity, and multiple insecticide applications 
within a field season are cost prohibitive, preserving 
beneficial arthropods is important for the success of an 
integrated soybean pest management program.
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The objective of this study was to determine the impact 
of different insecticides on beneficial arthropod 
populations in the field. The primary interest was to 
compare newer insecticides, prior to their registration, to 
older insecticides currently recommended for management of 
soybean insect pests in Louisiana.
Materials and Methods 
Insecticides and surfactant. Formulated insecticides that 
were utilized in field tests were provided by the following 
manufacturers: Phaser 3E® (endosulfan) and Scout X-tra
0.9E® (tralomethrin) AgrEvo USA Co., Wilmington, DE; Pirate 
3SC® (chlorfenapyr) American Cyanamid, Princeton, NJ; Admire 
2FS® (imidacloprid) Bayer Corporation, Kansas City, MO; 
Tracer 4SC® (spinosad) DowElanco, Indianapolis, IN; Dyne- 
Amic (organosilicant) surfactant Helena Chemical Company, 
Memphis, TN; Proclaim 0.16E® (emamectin benzoate) Merck and 
Co., Rahway, NJ; Condor OF 100F® (Bacillus thurinaiensis) 
Ecogen Inc., Langhorne, PA; Lannate LV 2.4L® (methomyl) E.
1. duPont de Nemours and Co., Wilmington, DE; Decis 0.2E® 
(deltamethrin) and Larvin 3.2F® (thiodicarb) Rhone-Poulenc 
Agricultural Co., Research Triangle Park, NC; Methyl 
Parathion 4E® (methyl parathion) Uniroyal Chemical Co., 
Inc., Middlebury, CT; Orthene 75S® (acephate) Valent USA 
Corporation, Walnut Creek, CA; and Ambush 2E® (permethrin) 
and Karate IE® (lamba-cyhalothrin) Zeneca Inc., Wilmington,
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DE. Insecticide rates utilized in field tests were selected 
from a range of rates under consideration for control of 
agronomic pests. Rates utilized in this study are included 
with the tables (3.1-3.6).
Field Tests. Field tests were conducted in 1993 and 1995 at 
the St. Gabriel Research Station at St. Gabriel, LA and in 
1994 at the Central Research Station (Ben Hur location) near 
Baton Rouge, LA.
Both 1993 tests were conducted on ' Buckshot 723’ 
cultivar in the R5 growth stage (Fehr et al. 1971) .
Insecticides were applied with a tractor and compressed air 
sprayer calibrated to deliver 93.5 1/ha total spray at 2.66 
kg/cm2 through TeeJet® 8002 flat fan nozzles (two per row) 
on 6 and 9 September, respectively. Both tests were 
arranged in a randomized completed block design with four 
replicates. Plots were 5 rows by 15.2 m with 0.91 m between 
rows with the four center rows treated and a single border 
row between treatments. At 2 and 7 days after treatment 
(DAT), one beat sample was taken per plot. A sample 
consisted of 10 sets of randomly selected plants that were 
vigorously beaten three times into a standard 3 8.2 cm 
diameter sweep net held at a 45° angle to the plants. This 
sampling method was described earlier by Sparks and Boethel 
(1987) as a better method to sample nymphal stages of 
insects. No rainfall occurred during either test.
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The 1994 test was applied to ' Hartz 7190’ cultivar in 
the R5 growth stage on 13 September. Treatments were 
applied with a C02 pressurized backpack sprayer calibrated 
to deliver 140.3 1/ha at 2.2 kg/cm2 through 8002 flat fan 
nozzles (two per row) . Plots were 6 rows by 15.2 m with 
0.76 m between
rows, and the inner four rows were sampled with a beat-net 
at 3 and 8 DAT. No rainfall occurred during this test.
The 1995 test was applied to ' Buckshot 723’ cultivar in 
the R5 growth stage on 26 September. Treatments were 
applied with a C02 pressurized backpack sprayer calibrated 
to deliver 140.3 1/ha at 2.2 kg/cm2 through 8002 flat fan 
nozzles (two per row) . Plots were 6 rows by 15.2 m with 
0.91 m between rows, and the inner four rows were sampled
with a beat-net at 2 and 6 DAT.
Data Analysis. Data from field trials were subjected to
analysis of variance (PROC GLM, SAS Institute 1987). Each
insecticide treatment was compared to the untreated control, 
and separately to commonly used standard insecticides (i.e. 
Larvin and Methyl Parathion) using Dunnett1s t test (SAS 
Institute 1987). These standard insecticides are
recommended for control of soybean pest species in Louisiana 
(Baldwin et al. 1996) .
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Results
Insecticide formulations representing several different 
insecticides were utilized in two separate field trials in 
1993. In test 1 (Table 3.1), a significant treatment effect 
was observed for both geocorid (F=3.04, 8, 24 df, P=0.0166) 
and nabid (F=2.38, 8, 24 df, P=0.0482) populations at 2 DAT; 
however, none of the insecticide treatments significantly 
reduced either population relative to those in untreated 
control plots. When compared to Methyl Parathion, both 
Pirate and Proclaim+Dyne-Amic had significantly higher 
geocorid populations, and Proclaim+Dyne-Amic had 
significantly higher nabid populations. At 7 DAT, no 
significant treatment effect was observed for either 
geocorid (F=1.82, 8, 24, P=0.1227) or nabid (F=2.09, 8, 24, 
P=0.0774) populations. When all insect predator and spider 
populations were pooled, a significant treatment effect was 
observed at 2 DAT (F=4.20, 8, 24 df, P=0.0029). Plots
treated with Orthene and Methyl Parathion had significantly 
lower predator populations than those in the control plots. 
Predator populations in plots treated with Pirate and 
Proclaim+Dyne-Amic in addition to those in control plots 
were significantly greater than populations in plots treated 
with Methyl Parathion. At 7 DAT, no significant treatment 
effect was observed (F=1.93, 8, 24 df, P=0.1015).
A second group of insecticides was evaluated in test 2 . 
A significant treatment effect was observed at both 2 and 7
Table 3.1. Mean number of Geocoris spp., Nabis spp., and total predators (SEM)/beat-net
sample in soybean plots treated with insecticides, Test 1, St. Gabriel, LA1, 1993.
Geocoris spp. Nabis spp. Total Predatorsu
Treatment Ratev 2 DAT“ 7 2 DAT 7 2 DAT 7
Decis 0.015 2 . 0 (0.7) 0.5 (0.3) 2.3 (1.3) 1.8 (0.3) 6.3 (1.1) 7.3 (1.4)
Orthene 0 . 840 2.3 (1.0) 0.5 (0.3) 0 . 0 (0.0) 0.5 (0.3) 4.3 (0.5)a 3.3 (1.4)
MParathionx 0.280 1.8 (0.5) 1.8 (0.9) 0.5 (0.3) 1.8 (0.6) 5.3 (0.5)a 6.0 (2.3)
Pirate 0.168 6.3 (1.5) d 2 . 0 (1.2) 3.5 (1.0) 1.3 (0.8) 14.5 (3 .4) d 5.0 (2.2)
Proclaim 0 . 004 4 . 5 (0.3) 2.3 (0.6) 3.3 (0.8) 3.5 (0.7) 11.5 (2.1) 8 . 5 (0.5)
Proclaim+
DyneAmicy
0 . 004 
2 .366 6.3 (1.7) d 4 . 5 (2.4) 4.3 (1.0)d 4.0 (1.4) 15 . 8 (2 . 6) d 15.5 (4.8)
Proclaim 0.008 3.8 (1.4) 3.0 (1.3) 3.3 (1.7) 2.3 (0.5) 13.8 (4.9) 13 . 0 (3.5)
Scout X-tra 0 . 027 1. 8 (0.8) 1.5 (0.5) 2.3 (0.6) 1.3 (0.6) 7.3 (1.9) 11.0 (5.8)
Control 4.0 (1.4) 3 . 8 (1.1) 2.8 (0.9) 3.0 (1.4) 15.0 (2 .6) d 11. 0 (2.1)
^eans followed by a and d are significantly different from untreated control and Methyl 
Parathion, respectively, (P<0.05, Dunnett1s t test).
uTotal predators = Geocoris spp., Nabis spp., Reduviidae; spined soldier bugs, Podisus
maculiventris (Say), and spiders.
vRate in kg (AI)/ha
“Days after treatment
xMParathion = Methyl Parathion
yDyneAmic surfactant in 1/378.5 1
DAT (F=3.06 and 5.33, respectively, 9, 27 df, P=0.0117 and 
0.0003, respectively) for geocorid populations. At 2 DAT, 
Methyl Parathion was the only insecticide that had 
significantly lower geocorid populations than those in the 
control plots (Table 3.2). Geocorid populations were 
significantly greater in plots treated with Admire, Ambush, 
Lannate, and Larvin as compared to those treated with Methyl 
Parathion. Orthene, Phaser, and Pirate in addition to 
Methyl Parathion had significantly lower geocorid 
populations relative to those in the Larvin and control 
plots at 7 DAT. Plots treated with Lannate and Larvin in 
addition to the control plots had significantly greater 
geocorid populations than plots treated with Methyl 
Parathion.
A significant treatment effect was observed for nabid 
populations at both 2 and 7 DAT (F=3.96 and 2.61, 
respectively, 9, 27 df, P=0.0026 and 0.0262, respectively). 
At 2 DAT, plots treated with Lannate, Orthene, and Methyl 
Parathion all had significantly lower nabid populations than 
those in the control plots. By 7 DAT, only plots treated 
with Orthene continued to have significantly lower nabid 
populations than nabid populations in the control plots.
When all insect predator and spider populations were 
pooled, a significant treatment effect was observed at both 
2 and 7 DAT (F=3.84 and 4.29, respectively, 9, 27 df,
P=0.0031 and 0.0015, respectively). At 2 DAT, plots treated
Table 3.2. Mean number of Geocoris spp., Nabis spp., and total predators (SEM)/beat-net
sample in soybean plots treated with insecticides, Test 2, St. Gabriel, LA1, 1993.
Geocoris sod. Nabis sod. Total Predators0
Treatment Ratev 2 DAT“ 7 2 DAT 7 2 DAT 7
Admire 0,.049 4 .3 (0..3)d 4 . 0 (1..1) 4 .8 (1..6) 2 . 8 (1..1) 26 .3 (6..4)d 13 .5 (1.7)
Ambush 0.. 112 6 .3 (0..9)d 3 .0 (1..6) 6..5 (1..9) 8 .3 (2..0) 19..3 (3..8) 15.. 5 (3 . 9) d
Lannate 0..504 4 .5 (1..6)d 5 . 8 (0..9)d 2 . 3 (1..0)a 4 . 0 (0..4) 11..3 (1..4) 11.. 8 (1..1)
Larvin 0..504 4 .5 (1..3)d 6..5 (1..0)d 4 . 5 (0..6) 5 . 8 (0..9) 14 . 8 (2..1) 16 .3 (1.3) d
Orthene 0..840 1.. 8 (0,.8) 0 . 8 (0..3)ac 0 . 8 (0..5)a 1.. 5 (0.. 3) a 4 .8 (0..3)a 3 .3 (0.. 9) ac
MParathionx 0 . 560 0 . 3 (0,.3)ac 0..5 (0..3)ac 2..5 (1..2)a 4 . 0 (0..0) 6 ,.5 (2..4)a 7 ,.8 (1.. 6) c
Phaser 1 . 120 4 . 0 (1..1) 1 . 5 (0..5)ac 7 .5 (1..9) 5 .5 (1..6) 18 .3 (5..0) 9 .8 (1..7)
Pirate 0 . 168 2 . 5 (1.• 0) 1 . 0 (0..7)ac 7.. 0 (0..9) 4 . 8 (1..0) 15 . 0 (2,.4) 10 ,.5 (2.0)
Scout X-tra 0 . 027 2..3 (0,.9) 2 . 8 (0..9) 5 ,.8 (1..6) 4 . 5 (1..7) 13 . 8 (3 ,• 9) 11,. 8 (2..1)
Control 4 .8 (1..4)d 5 .5 (1..3)d 8 . 3 (1..2)d 6 . 3 (1..4) 20 . 0 (1..7)d 14 ,.5 (1..3)
tMeans followed by a, c, and d are significantly different from untreated control, Larvin, 
and Methyl Parathion, respectively, (P<0.05, Dunnett1s t test).
uTotal predators = Geocoris spp., Nabis spp., Reduviidae; spined soldier bugs, Podisus
maculiventris (Say), and spiders.
vRate in kg (AI)/ha
“Days after treatment
xMParathion = Methyl Parathion
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with Orthene and Methyl Parathion had significantly lower 
predator populations than those in the control plots. 
Admire in addition to control plots had significantly 
greater predator populations than plots treated with Methyl 
Parathion. At 7 DAT, Orthene plots had significantly lower 
populations relative to those treated with Larvin and those 
in the control plots. Both Ambush and Larvin had
significantly higher predator populations than Methyl 
Parathion.
In 1994, predator populations were generally lower than 
those observed in the field in 1993. No significant
treatment effect was observed at 3 DAT for geocorids
(F=0.14, 5, 15 df, P=0.9802) , nabids (F=1.98, 5, 15 df,
P=0.1409), or total predator populations (F=1.96, 5, 15 df, 
P=0.1444) (Table 3.3). At 8 DAT, again no significant
treatment effect was observed for geocorids (F=0.96, 5, 15 
df, P=0.4722) , nabids (F=0.84, 5, 15 df, P=0.5410), or total
predator populations (F=1.44, 5, 15 df, P=0.2657).
Among the three insect pest taxa, a significant
treatment effect was observed for both lepidopteran [green 
cloverworm, Plathvoena scabra (F.); soybean looper, 
Pseudoplusia includens (Walker); and velvetbean caterpillar, 
Anticarsia gemmatalis Hiibner] and threecornered alfalfa
hopper, Spissistilus festinus (Say), populations. A 
significant treatment effect was observed for lepidopteran 
pests at 3 and 8 DAT (F=5.88 and 15.18, respectively, 5, 15
Table 3.3. Mean number of Geocoris spp., Nabis spp., and total predators (SEM)/beat-net
sample in soybean plots treated with insecticides, Baton Rouge, LA*, 1994.
Treatment Ratev
Geocoris spp • Nabis spp. Total Predatorsu
3 DATW 8 3 DAT 8 3 DAT 8
Ambush 0.112 1.3 (1.0) 0.8 (0.8) 3.3 (1.0) 2.5 (1.0) 10.3 (1-6) 7.3 (2.0)
Condorx 4.673 1.3 (0.5) 1.3 (0.8) 7.0 (1.7) 1.0 (1.0) 9.5 (3.1) 5.5 (2.5)
Larvin 0.840 1.5 (0.9) 1.0 (0.4) 1.0 (0.4) 1.5 (0.5) 4.3 (1.1) 4.5 (0.9)
Pirate 0.224 1.3 (0.5) 0.0 (0.0) 4.3 (0.6) 1.5 (0.6) 12 .5 (2.4) 7.3 (1.3)
Proclaim 0.008 0 . 8 (0.8) 0 . 8 (0.5) 8.3 (1.8) 2.3 (0.5) 17.8 (5.3) 9.8 (1.7)
Control 1.5 (0.6) 0 . 0 (0.0) 8.0 (3.8) 3 . 0 (1.2) 14 . 8 (3.4) 6.3 (1.2)
lMeans followed by a, b, and c are significantly different from untreated control, Ambush, 
and Larvin, respectively, (P<0.05, Dunnett1s t test).
“Total predators = Geocoris spp., Nabis spp., Reduviidae; spined soldier bugs, Podisus
maculiventris (Say), and spiders.




df, P=0.0034 and 0.0001). All insecticide treatments 
significantly reduced lepidopteran populations on both 
sampling dates relative to those in untreated plots (Table 
3.4) . A significant treatment effect was observed for 
threecornered alfalfa hopper populations at 3 DAT (F=7.21, 
5, 15 df, P=0.0013) but not at 8 DAT (F=2.42, 5, 15 df,
P=0.0847). At 3 DAT, plots treated with Ambush and Larvin 
had significantly lower threecornered alfalfa hopper 
populations than those in the control plots. Plots treated 
with Pirate had significantly higher numbers of 
threecornered alfalfa hopper than plots treated with Ambush 
or Larvin. No significant treatment effect was observed for 
stink bug populations on either sampling date (F=0.72 and 
1.02, 5, 15 df, P=0.6181 and 0.4407).
In 1995, abundant predator populations, especially 
geocorids, were observed in the field. At 2 and 6 DAT, a 
significant treatment effect was observed for geocorid 
populations (F=4.43 and 15.06, respectively 7, 21 df,
P=0.0041 and 0.0001, respectively). At 2 DAT, plots treated 
with Admire, Karate, and Methyl Parathion all had 
significantly lower geocorid populations relative to those 
in the control plots (Table 3.5) . By 6 DAT, all insecticide 
treatments had significantly fewer geocorids present 
relative to the control plots. Plots treated with Larvin 
had significantly greater geocorid populations than all 
other insecticide treatments except those treated with
Table 3.4. Mean number of lepidopterans, stink bugs, and threecornered alfalfa hoppers 
(SEM)/beat-net sample in soybean plots treated with insecticides, Baton Rouge, LA*, 
1994.
Treatment Ratex
Lepidopteransu Stink bugsv TCAH■w
3 DATy 8 3 DAT 8 3 DAT 8
Ambush 0.112 0.3 (0.3)a 1.3 (0.5)a 18.0 (5.2) 19.3 (9.7) 1.3 (0.8)a 2.5 (1.0)
Condor2 4.673 1.5 (0.3) a 0.5 (0.5) a 33.0 (17.9) 54.5 (7.7) 4.3 (0.8) 2.3 (0.5)
Larvin 0.840 0.5 (0 . 5) a 1.0 (0.4) a 18 . 0 (3.2) 45 . 5 (14.8) 2.5 (0 . 5) a 2.3 (0.5)
Pirate 0 .224 1.0 (1.0)a 0 . 5 (0.3) a 32 .3 (9.8) 52 . 8 (15.6) 12 .5 (2.8)be 4.0 (1.3)
Proclaim 0 . 008 1.3 (0.9)a 0.5 (0.3) a 39.0 (18.5) 67. 0 (30.3) 5.3 (1.3) 7.3 (2.3)
Control 13 . 0 (5.1)be 12 .3 (2.7) be 62 .3 (33.3) 99.3 (56.6) 9 . 0 (2.6)be 6.5 (2.1)
‘Means followed by a, b, and c are significantly different from untreated control, Ambush, 
and Larvin, respectively, (P<0.05, Dunnett1s t test).
uLepidopterans = green cloverworms, Plathvpena scabra (F.); soybean loopers,
Pseudoplusia includens (Walker); and velvetbean caterpillars, Anticarsia gemmatalis Hiibner. 
vStink bugs = brown stink bugs, Euschistus spp.; green stink bugs, Acrosternum hilare 
(Say); and southern green stink bugs, Nezara viridula (L.).
“TCAH = threecornered alfalfa hopper, Soissistilus festinus (Say) 
xRate in kg (AI)/ha 
yDays after treatment 
zl/ha
Table 3.5. Mean number of Geocoris spp., Nabis spp., and total predators (SEM)/beat-net
sample in soybean plots treated with insecticides, St. Gabriel, LA*, 1995.
Treatment Ratev
Geocoris spp, Nabis s o d . Total Predators0
2 DATM 6 2 DAT 6 2 DAT 6
Admire 0.049 15 . 0 (5.2)a 7.5 (1.7)ac 0.5 (0.3)a 0.3 (0.3)a 21.3 (7.4)a 10 . 8 (1.6) ac
Karate 0 . 028 4.3 (2.4)a 2.5 (0.9)ac 0 . 5 (0.3)a 0.3 (0.3)a 6.5 (3.l)a 4.5 (0.7)ac
Larvin 0.840 21.3 (5.1) 21.3 (3 . 3) ad 0.3 (0.3)a 0.5 (0.5) a 24.5 (5.0) 24.3 (2.7)ad
MPX 0.280 7.0 (1.8)a 3.3 (1.4)ac 1.0 (0.4) 0.8 (0.8)a 10.3 (2 . 3)a 5 . 8 (2.3)ac
Pirate 0.224 18 . 8 (2.5) 8.3 (1.9)ac 2.5 (0.5) 0 . 8 (0.5)a 26.0 (0.8) 11.8 (2.1)ac
Proclaim 0 .008 21.3 (6.9) 13 . 8 (2 .4) a 2 . 8 (0.9) 2.5 (0.7) 29.3 (5.5) 19 . 0 (1.7)ad
Tracer 0.056 24 . 0 (6.0) 15.3 (4.4)ad 1.8 (0.6) 3 . 0 (1.0)c 30.0 (5.8) 22.5 (5.4)ad
Control 34.8 (7.6)d 33 . 5 (2 . 8) cd 4 . 0 (1.7) c 4.8 (1.0)cd 44.8 (7.2)d 42.5 (3.6)cd
*Means followed by a, c, and d are significantly different from untreated control, Larvin, 
and Methyl Parathion, respectively, (P<0.05, Dunnett's t test).
uTotal predators = Geocoris spp., Nabis spp., Reduviidae; spined soldier bugs, Podisus
maculiventris (Say), and spiders.
vRate in kg (AI)/ha
“Days after treatment
XMP = Methyl Parathion
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Proclaim and Tracer. Plots treated with Methyl Parathion 
had significantly lower geocorid populations than those 
treated with Larvin and Tracer and the control plots.
Nabid populations were lower than those of geocorids; 
however, a significant treatment effect was observed at 2 
and 6 DAT (F=3.07 and 7.09, respectively, 7, 21 df, P=0.0218 
and 0.0002, respectively) . At 2 DAT, plots treated with 
Admire, Karate, and Larvin all had significantly lower nabid 
populations than those in the control plots. At 6 DAT, all 
insecticide treatments except Proclaim and Tracer had 
significantly lower nabid populations than the control 
plots.
A significant treatment effect was observed for total 
predator populations at 2 (F=5.58, 7, 21 df, P=0.0100) and 
6 DAT (F=20.16, 7, 21 df, P=0.0001). At 2 DAT, plots
treated with Admire, Karate, and Methyl Parathion all had 
significantly lower populations than those in the control 
plots. All insecticide treatments significantly reduced 
predator populations relative to control plots at 6 DAT. 
Plots treated with Larvin plots had significantly greater 
predator populations than all other insecticide treatments 
except those treated with Proclaim and Tracer. Larvin, 
Proclaim, and Tracer all had significantly greater predator 
populations than Methyl Parathion.
Among all three pest taxa, populations were low on both 
sampling dates. A significant treatment effect was observed
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for lepidopteran populations at 2 DAT (F=3.71f 7, 21 df,
P=0.0091) but not at 6 DAT (F=2.10, 7, 21 df, P=0.0889). At 
2 DAT, Pirate significantly reduced lepidopteran populations 
relative to Larvin (Table 3.6). No significant treatment 
effect was observed for stink bugs on either sampling date 
(F=l.56 and 1.71, 7, 21, P=0.2024 and 0.1613) or for
threecornered alfalfa hopper populations at 2 DAT (F=1.10, 
7, 21 df, P=0.4004). A significant treatment effect was
observed for threecornered alfalfa hopper populations at 6 
DAT (F=3.43, 7, 21 df, P=0.0133). All other treatments
except Tracer and the untreated control had significantly 
lower threecornered alfalfa hopper populations than Methyl 
Parathion.
Discussion
Predators are important regulators of insect pest 
populations in many agronomic crops. Among biological 
control tactics, the goal of conserving natural enemy 
populations is to avoid negatively impacting these 
populations and maintaining their presence in agronomic 
systems (Rabb et al. 1976). There are several methods to 
conserve natural enemy populations, one of which is the 
reducing the use of broad spectrum insecticide applications 
in favor of more selective ones.
In Louisiana, the most important soybean insect pest 
complexes are pod-feeding pentatomids and lepidopteran
Table 3.6. Mean number of lepidopterans, stink bugs, and threecornered alfalfa hoppers
(SEM)/beat-net sample in soybean plots treated with insecticides, St. Gabriel, LA1, 1995.
Treatment Ratex
Lepidopteransu Stink bugsv TCAHW
2 DATy 6 2 DAT 6 2 DAT 6
Admire 0 . 049 2.3 (0.5) 4.3 (2.4) 1.0 (0.0) 0 . 5 (0.3) 1.3 (0.3) 0.5 (0 . 3) d
Karate 0.028 1.3 (0.6) 1.3 (0.8) 0.3 (0.3) 1.5 (0.3) 0.5 (0.5) 0 . 0 (0.0)d
Larvin 0 . 840 0 . 8 (0.5) 0 . 5 (0.3) 3.0 (0.8) 0 . 5 (0.5) 1.0 (0.5) 0.0 (0.0)d
MParathionz 0.280 0 . 8 (0.3) 0 . 8 (0.5) 0.8 (0.8) 3 . 8 (1.9) 0.8 (0.5) 2.3 (0.6)c
Pirate 0.224 4 . 0 (l.l)c 0.3 (0.3) 2 . 8 (1.2) 2 . 0 (1.0) 0 . 8 (0.3) 0 . 8 (0 . 3) d
Proclaim 0 . 008 1.5 (0.6) 1.0 (0.4) 1.8 (1.2) 0 . 5 (0.3) 1.3 (0.8) 0 . 0 (0.0)d
Tracer 0 . 056 0.0 (0.0) 0 . 0 (0.0) 1.5 (0.3) 0.8 (0.5) 1.5 (0.6) 1.3 (0.5)
Control 2 . 0 (0.7) 2 . 0 (0.7) 1.5 (0.5) 2 . 0 (0.7) 2.3 (0.5) 1.0 (0.6)
lMeans followed by a, c, and d are significantly different from untreated control, Larvin, 
and Methyl Parathion, respectively, (P<0.05, Dunnett1s t test).
uLepidopterans = green cloverworms, Plathvoena scabra (F.); soybean loopers, Pseudoolusia 
includens (Walker); and velvetbean caterpillars, Anticarsia gemmatalis Hiibner. 
vStink bugs = brown stink bugs, Euschistus spp.; green stink bugs, Acrosternum hilare 
(Say); and southern green stink bugs, Nezara viridula (L.).
WTCAH = threecornered alfalfa hopper, Spissistilus festinus (Say) 
xRate in kg (AI)/ha 
yDays after treatment 
zMParathion = Methyl Parathion OJ
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defoliators (Newsom et al. 1980). Both pest complexes
frequently occur simultaneously in the field; therefore, 
control measures taken against one pest species may affect 
the other. Current management practices for stink bugs and 
lepidopteran pests in Louisiana soybean fields include the 
use of Methyl Parathion and the combination of Methyl 
Parathion plus Larvin, respectively (Baldwin et al. 1996) .
Methyl Parathion and Orthene are organophosphate 
insecticides that were utilized in field tests conducted at 
the St. Gabriel Research Station. In 1993 and 1995, plots 
treated with Methyl Parathion had significantly fewer 
predaceous arthropods per beat-net sample than those in 
untreated control plots. Farlow and Pitre (1983) also noted 
that plots treated with Methyl Parathion in Mississippi 
cotton fields had significantly fewer predatory arthropods 
than those in untreated control plots up to 7 DAT. In 
Louisiana, Methyl Parathion significantly reduced geocorid 
and predator populations relative to Admire, Pirate, and 
Proclaim + Dyne-Amic in 1993 and Larvin and Tracer in 1995. 
The use of organophosphates also has long-term implications 
during a field season. Brown and Goyer (1982) tracked 
predator numbers throughout a field season and observed that 
nabid, geocorid, and total predator numbers all were 
significantly lower in plots treated with Methyl Parathion 
as compared to the control plots. In addition, populations 
of lepidopteran defoliators have been observed to increase
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rapidly following organophosphate applications that 
eliminated resident predatory populations (Shepard et al. 
1977, Brown and Goyer 1982).
Larvin, a commercial formulation of thiodicarb, is one 
of only two chemicals currently recommended for soybean 
looper control in Louisiana (Baldwin et al. 1996), and it 
continues to provide effective control of the soybean looper 
in field tests (Thomas et al. 1994). The use of Larvin at 
0.504 kg Al/ha resulted in significantly greater populations 
of geocorids, nabids, and total predators than Methyl 
Parathion in 1993, and both geocorid and total predator 
populations in 1995.
Pyrethroids were widely utilized in agronomic systems 
such as soybean beginning in the early 1980's (Leonard et 
al. 1990). After permethrin's registration, it largely
replaced organophosphate and carbamate insecticides for 
soybean looper control in Louisiana. A data survey 
published by Croft (1990) noted that overall pyrethroids had 
the highest average toxicity among insecticides to all 
natural enemy species. Permethrin generally has low 
toxicity for predaceous pentatomids and spiders but moderate 
toxicity to geocorids and nabids (Croft 1990). In 1993 and 
1994, populations of geocorids, nabids, and total predator 
populations in plots treated with Ambush did not differ 
significantly from those in the control plots. Way and
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Wallace (1995) also observed a similar trend in Texas 
soybean fields up to 2 8 DAT.
Karate (lamba-cyhalothrin) recently has received 
registration on soybean for stink bug control; therefore, 
data on Karate's impact on predator populations would be 
useful for the continuation of an effective soybean 
integrated pest management program. Lamba-cyhalothrin is a 
fourth generation pyrethroid that is more toxic at lower 
rates than permethrin, a third generation pyrethroid (Ware 
1989) . In Louisiana, Karate is utilized for control of both 
lepidopteran defoliators (i.e. velvetbean caterpillars, 
Anticarsia qemmatalis Hiibner) and stink bugs (Baldwin et al. 
1996). At a maximum field rate of 0.028 kg (AI)/ha, Karate 
reduced geocorid, nabid, and total predator populations up 
to 6 DAT. Way and Wallace (1995) observed a similar trend 
where nabid populations were reduced up to 2 8 DAT. They 
also noted that plots treated with Karate had significantly 
fewer nabids than those treated with Ambush up to 15 DAT. 
These data may indicate that Karate will have a more 
detrimental impact on beneficial arthropod populations in 
soybean as compared to earlier pyrethroids.
Until the late 1980's, permethrin provided effective 
control of the soybean looper until resistance began to 
develop in several states (Felland et al. 1990, Leonard et 
al. 1990, McPherson and Herzog 1990). Subsequently, new
insecticides have been tested for control of lepidopteran
pests (Thomas et al. 1994). Pirate is a representative of 
a new class of compounds, the pyrroles, and its mode of 
action is an uncoupler of oxidative phosphorylation. It has 
been shown to provide effective control of several 
lepidopterous pests (Thomas et al. 1994, Wier et al. 1994). 
Little data are available on Pirate's impact on field 
populations of beneficial arthropods. In 1994, a higher 
rate of Pirate under consideration for lepidopteran pest 
control was evaluated to determine the impact of this rate 
on arthropod populations. In field tests conducted in 1993 
and 1995, plots treated with Pirate had significantly fewer 
geocorids than control plots on the last sampling date. 
Plots treated with Pirate had significantly greater geocorid 
and total predator populations than those treated with 
Methyl Parathion in 1993 (Test 1) on the initial sampling 
date. Both nabid and total predator populations also were 
significantly lower in plots treated with Pirate as compared 
to control plots in 1995 at 6 DAT.
Proclaim, an avermectin, has been extensively tested 
against many different arthropod taxa (Lasota and Dybas 
1991, Merck Technical Data Sheet 1995). Avermectin 
compounds act on both non GABA (4-aminobutyric acid)-gated 
and gated neuronal ion channels that eventually leads to 
paralysis and death (Lasota and Dybas 1991, Thomas et al. 
1994) . Only at 6 DAT in 1995, were geocorid and total 
predator populations significantly lower in plots treated
with Proclaim than those in the control plots. In 1993 
(Test 1), plots treated with Proclaim+Dyne-Amic had 
significantly higher populations of geocorids, nabids, and 
predator populations than plots treated with Methyl 
Parathion on the initial sampling date. In 1995, plots 
treated with Proclaim had significantly greater total 
predator populations relative to those treated with Methyl 
Parathion at 6 DAT. Previous studies with avermectin 
compounds have shown both have little impact on beneficial 
arthropods (Pienkowski and Mehring 1983) as well as a 
negative impact (Grafton-Cardwell and Hoy 1983, Parrish and 
Roberts 1984).
Two newer insecticides (Admire and Tracer) were 
utilized in field tests because information is scarce on 
their impact on beneficial arthropod populations. Admire 
has a similar mode of action to nicotine as it binds to the 
nicotinic receptor on acetylcholine (Moffat 1993) . This 
results in an insect's nerves firing uncontrollably and 
eventually causing paralysis and death. In 1995, geocorid, 
nabid, and total predator populations were all significantly 
reduced in plots treated with Admire as compared to those in 
the control plots. Research conducted by Stoltz and 
Matteson (1995) did not demonstrate that other imidacloprid 
formulations significantly reduce beneficial populations 
relative to those in the control plots. The mode of action 
of Tracer is poorly understood but it is postulated to be
neuronal in origin (DowElanco 1994). Tracer significantly 
reduced geocorid and total predator populations relative to 
those in the control plots at 6 DAT in 1995. Thompson et 
al. (1995) also reported that Tracer has relative low
toxicity to beneficial arthropods. Both of these compounds 
need to be tested further in the field before an accurate 
assessment is made of their impact on beneficial 
populations.
In summary, these data suggest that newer insecticides 
generally have less of a detrimental impact on beneficial 
arthropod populations than older ones (i.e. Methyl 
Parathion). The integration of more selective insecticides 
into the soybean integrated pest management program would be 
favorable to soybean producers due to the crop's low per 
acre value. Minimizing impacts on resident natural enemy 
populations would help prevent pest resurgence and secondary 
pest outbreaks in the field that can lead to additional 
cost-prohibitive insecticide applications.
SUMMARY AND CONCLUSIONS
Information on insecticide toxicity to hemipteran 
predators was derived from studies conducted in the field 
and laboratory over three years. Three different routes of 
insecticide exposure (direct contact toxicity, indirect 
insecticide toxicity through consumption of treated prey, 
and residue uptake) were investigated to determine arthropod 
susceptibility to different insecticides. Findings are 
summarized from the following chapters:
CHAPTER 1. Toxicity of Several Classes of Insecticides 
Through Two Modes of Uptake by Hemipteran Predators.
a. Pirate® had direct contact toxicity equal to Methyl 
Parathion® to all hemipteran predators tested, and toxicity 
equal to Ambush® for all predators except Podisus 
maculiventris (Say) adults. Exposure to foliage treated 
with Proclaim usually resulted in lower mortality as 
compared to foliage treated with Pirate.
b. Exposure to foliage treated with Larvin® resulted in 
percent mortality below 4 0 percent for both Nabis 
roseipennis Reuter and Geocoris punctipes (Say) adults, but 
>65% for Nabis capsiformis Germar adults and both adult and 
third-instar nymphal stages of P. maculiventris.
c. Condor® had the lowest contact toxicity of all 
insecticides tested to hemipteran predators.
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d. Pirate at 0.224 kg Al/ha had significantly greater 
toxicity through consumption of treated prey than Proclaim® 
to adult N. roseipennis and greater than Admire® and Tracer® 
to adult G. punctipes.
CHAPTER 2. Residual Toxicity of Different Insecticides to 
Beneficial Insects on Soybean Foliage.
a. Pirate displayed greater residual toxicity in the field 
than the standard insecticide, Ambush, to adult G. punctipes 
and N. roseipennis and both adult and third-instar nymphs of 
P . maculiventris.
b. Pirate had greater residual toxicity than Proclaim to 
adult G. punctipes and N. roseipennis. and both Admire and 
Tracer were less toxic than Pirate to N. roseipennis. 
Proclaim displayed lower residual toxicity than Admire and 
Tracer when foliage was collected 48 hours after insecticide 
applications.
CHAPTER 3. Impact of Insecticides on Field Populations of 
Beneficial and Pest Species in Soybean.
a. Significant differences were observed among treatments 
for geocorid, nabid, and total predator populations in 1993 
and 1995. All predator populations were low in 1994 and no 
significant differences were observed among treatments. 
Generally, older compounds, such as organophosphates and
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pyrethroids, were more toxic to natural enemy populations 
than newer compounds.
b. Total predator populations were significantly lower in 
plots treated with organophosphates as compared to 
populations in untreated plots in 1993 and 1995.
c. Geocorid populations were significantly greater in 
control plots than those treated with Pirate in 1993 and 
1995 and Admire, Proclaim, and Tracer in 1995.
d. In 1993, plots treated with Orthene had the lowest 
predator populations; whereas, in 1995, plots treated with 
Karate had the lowest predator populations among 
insecticides tested.
Results from laboratory bioassays demonstrated newer 
insecticides were generally less toxic to hemipteran 
predators than older ones. I also demonstrated that 
insecticide toxicity could be conferred to predators after 
they came in contact with treated foliage or prey. Pirate 
demonstrated contact toxicity as great as Ambush and Methyl 
Parathion, and it conferred greater toxicity than other 
insecticides when hemipteran predators fed on treated prey. 
These data indicate that Pirate will adversely affect 
predators by both routes of exposure. The results of these 
studies also indicate that there is a differential 
selectivity by Larvin and Proclaim among different taxa and 
within the genera Nabis. Perhaps this will permit predators
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to remain in treated areas if they escape the initial 
insecticide application and subsequently locate suitable 
prey. It should be noted that insecticide residues were 
established by dipping leaves into insecticide solutions. 
This level of insecticide residues is not likely to occur in 
the field where application, behavioral, and environmental 
factors affect insecticide distribution and persistence.
Pirate had significantly greater residual toxicity than 
all other insecticides three days after application. Data 
from both laboratory studies indicate that Pirate will 
adversely affect hemipteran populations through direct 
contact toxicity and uptake of foliar residues when 
predators attempt to recolonize treated fields. My data on 
Methyl Parathion are confirmed by earlier studies that 
documented this compound has a short field residual toxicity 
(<24 hours) on beneficial insects. Further research is 
needed to expand the number of collection periods, arthropod 
species, and include other insecticide compounds and 
formulations.
Field plot studies conducted over three years indicated 
that newer insecticides generally had less of a negative 
impact on natural enemy populations than older ones (i.e. 
organophosphates and pyrethroids) . In the field, predators 
may escape initial insecticide applications in refuge areas, 
or more mobile life stages or species may emigrate to 
untreated fields. The elimination of prey species, however,
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will slow the recolonization and population growth of 
predator populations.
During the course of my studies, I have shown that 
there is differential toxicity among insecticide compounds 
to hemipteran predators commonly found in soybean. My 
research has demonstrated that insecticides have direct 
contact and foliar residual toxicity in addition to indirect 
insecticide toxicity when predators feed on treated prey. 
Field experiments demonstrated that insecticide treatments 
will decrease arthropod predator populations. Generally, 
newer insecticides had less of a negative impact on predator 
populations than older, standard insecticides. The 
availability of these newer insecticides will provide 
soybean producers with more chemical options to combat 
soybean pests and enable them to make a more informed 
selection of which insecticide is best for their particular 
pest management programs.
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APPENDIX: DIFFERENT CLASSES OF INSECTICIDES
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